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REPORT 



OF THE 



Director of the Experiment Statiqn Corps. 



To the President oj tJie Board of Regents: 

I have the honor to transmit herewith the tenth annual 
rcpoit of the Agricultural Experiment Station of the Uni- 
versity of Minnesota, including the station established on 
the farm of Mr. O. C. Grege, Superintendent of Farmers' 
Institutes of Minnesota, located near Lynd, Lj^on county, 
also the station located near Crookston and the one near 
Orand Rapids, established by act of the legislature in 1895. 

This year, as last, has been one marked by success and 
progress. This report gives an outline of the work done here 
and at the sub-stations; and contains copies of Class Bulletin 
12 and Bulletins 73, 74, 75 and 76 published daring the gov- 
ernment fiscal year, July 1st, 1901 to June 30th, 1902; and a 
detailed statement of the receipts and expenditures of the an- 
nual appropriation from ,the United States Government. 
Following this is a summarized statement of the receipts and 
disbursements during the same period, including the Coteau 
Station which is maintained out of the current fund, in 
carrying on the experiment work the Hatch Fund of $15,000 
received from the United States Government has been sup- 
plemented by $32,130.01 from the current fund of the Uni- 
versity. Following this report is a financial statement of 
the two stations located at Crookston and Grand Rapids, 
respectively. These stations are maintained by special ap- 
propriations made by the legislature. 



VI 
THE MINNESOTA AGRICULTURAL EXPERIMENT STATION 

IN ACCOUNT WITH 

THE UfflTED STATES APPROPRIATION, 1901-1902. 
Dr. 
To receipts from the Treasurer of the United States 
as per appropriation for fiscol year ending 
June 30, 1902, as per act of Congress approved 
March 2, 1887 SlS.OOO.Oa 

Cr. 
By Salaries $10,306.55 

Labor 1,350.00 

Publications 382.CO 

Postage and stationery m, 

Freight and express 

Heat, light, water and power 650.00 

Chemical supplies 19.15 

Seeds, plants and sundry supplies 48.70 

Fertilizers 

Feeding stuffs 1 466.70 

Library 

Tools, Implements, and machiuery 3.25 

Furniture and fixtures 

Scientific apparatus 

Live stock 776.00 

Traveling expenses 

Contingent expenses 

Buildings and repairs 7.15 

Balance 



Total $15,000.00 $15,000.0a 

FINANCIAL STATEMENT. 

Statement of disbursements and receipts of the Minnesota Experi- 
ment Station for the twelvemonths beginning July 1st, 1901, and ending 
June 30th, 1902, inclusive. 

Disbursements. Receipts. Cash Outlay. 

Station $16,539.67 $ 508.10 $16,03L57 

Agriculture 15,307.61 2,772.76 12,634.85- 

Horticulture 3,900.07 1,046.89 2,853.18 

Chemistry 2,934.52 109.00 2,825.52. 

Entomology 153.77 153.77 

Veterinary 1,855.74 190.15 1,665.59- 

Dairy 1,176.00 1,175.00 

Animal Husbandry 15.555.73 6,220.11 9.335.62- 

Coteau 554.91 554.91 



$57,977.02 $10,847.01 $47,130.01 

Crookston 5,145.56 1,160.52 3,985.04 

Grand Rapids 4,893.54 1,571.58 3,321.96- 

$10,039.10 $2,732.10 $7,307.00 



VII 

DIVISION OF AGRICULTURE. 

The season of 1902 was fairly favorable to the lines of 
experimental work which have been under way for some 
years in the Division of Agriculture. Results of importance 
are accumulating and many useful data have been compiled 
from the experiments with farm management, rotation of 
crops, production of pastures, meadows, cereals, and annual 
forage crops. Bulletins along these lines will be published as 
rapidly as the respective experiments are brought to a con- 
clusion. 

On January 1st, 1902, this division and the Division of 
Statistics of the U. S. Department of Agriculture began a 
co-operative effort to secure data on the cost of growing 
field crops. Three statisticians were employed for the entire 
calendar year of 1902: One in southeastern Minnesota, 
near Northfield; one in southwestern Minnesota, near Mar- 
shall; and one in northwestern Minnesota, near Halstad, 
each with a route about fifteen miles long reaching twelve to 
fifteen farmers. The statistician visited each farmer daily, 
and recorded where each portion of labor was used. The 
man hour was taken as the unit and the horse hour as half 
a unit. Young men suitable for this work were found in the 
college of agriculture, and very good results have so far been 
secured. These data will make it possible to make much 
better application of the results of the field experiments in 
farm management at the several experiment farms . The data 
thus gathered, together with the results of experiments in 
crop rotation by means of field plots added to the pedagog- 
ical methods worked out in teaching field management, are 
demonstrating the value of a union between the experiment 
station and the college of agriculture. The fact that the 
farming business can be reduced to a system which may be 
brought under pedagogical forms and taught in schools of 
agriculture, is a point well worth the expense of demonstra- 
tion. Many of the young men in the School of Agriculture 
make farm plans as a part of their class work, often remod- 
eling the arrangement of their home farms, which they after- 
ward report as having been adopted and put into operation 
at home. The experimental work of the station and the 
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wrok of the class-room have developed the fact that orderly 
arrangement may be easily introduced on farms where a 
wrong system prevails. 

The plant improvement work has continued to develop. 
The work has been considerably increased by assistance from 
the Bureau of Plant Industry of the U. S. Department of 
Agriculture. The eflSciency of the investigations in plant 
breeding is being increased under the auspices of the U. S. De- 
partment of Agriculture by a co-operative union of this 
station with the experiment stations of North Dakota, 
South Dakota, Iowa and Wisconsin. The work with wheat 
and' other cereals has been increased, and w^ith clover and 
especially with hardy forms of alfalfa the work of breeding 
has been much increased. The season of 1902 was not al- 
together favorable. Chinch bugs, an unusual amount of 
cold weather and early autumnal frosts did much injury and 
some good. Minnesota No. 163 wheat, distributed in 1899, 
has continued popular, and careful estimates place the acre- 
age of this variety in 1902 at 60,000 acres in Minnesota, 
and at 20,000 acres in North Dakota. This variety was 
bred in co- operation with the North Dakota Experiment 
Station, and was distributed simultaneously in the two 
states. Our reports from farmers indicate that this wheat 
yields one and one-half bushels more per acre than the 
wheats it is displacing. At 67 cents per bushel, this makes 
the estimated increased value of this wheat to Minnesota 
farmers at $60,000.00 for 1902, the third year after its in- 
troduction. In the spring of 1902, a second newly-bred 
wheat, Minnesota No. 169, was distributed. This gives 
evidence of a still better yield than Minnesota No. 163. This 
wheat was sold to several farmers in each countv, selected 
as suitable to induce to grow for sale to their neighbors' 
good, clean seed; and limited quantities were sold to seed 
firms within the the state. Numerous other newly-bred 
varieties of field crops are coming forward for distribution 
at an early date. 

For some years this division has been carrying on ex- 
periments with gardens for rural schools, and on methods 
of introducing agricultural instruction into rural schools. 
Very encouraging progress is being made in this much needed 
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Avork and some publications are in propsect. Bulletin No. 1, 
'^Practical Exercises Relating to Agriculture and House- 
keeping,'* is now being prepared for publication. 

Experiments at Coteau Farm; — Mr. D. A. Gaumnitz is 
superintending the experiment work at Coteau Farm. The 
experiments on field management, rotation of crops, pas- 
turage of annual and of perennial crops, and in forestry are 
progressing. An experiment in corn breeding is also under 
way and satisfactory progress is reported. This work goes 
forward in a very satisfactory manner. Southwestern Min- 
nesota has agricultural problems peculiar to that section. 
These experiments have already demonstrated may facts as 
how to best to rotate crops, produce forage, grow shelter 
belts, etc. 

DIVISION OF HORTICULTURE. 

The experiment work in this division has been conducted 
along much the same lines as in several previous years. 

The work with seedling fruits is of special interest to the 
horticulturists of the state. The seedling apple orchard of 
nine hundred trees has produced some fruit for several years. 
These trees are seedlings from the largest and best varieties 
of apples grown in the state, and many of them are the re- 
sult of work which was done about twelve years ago in 
hand-crossing between the hardiest sorts. 

The nurserymen and horticulturists of the state are es- 
pecially interested in the work being done at the station in 
the introduction of Pyrus baccata stocks to prevent root 
killing of the apple. Over twenty-five thousand of these 
stocks have been raised the past season for sale to nursery- 
men. Seedlings of other plants that are desirable for intro- 
duction have also been raised in considerable quantities. 
These are now^ offered to the nurserymen of the state, and 
are being rapidly taken. This is regarded as one of the best 
ways of introducing desirable novelties. 

As a result of raising many thousand seedling potatoes, 
two varieties, known as University Numbers 32 and 33, 
promise to be of value and will be sent out for trial. 

The forest garden of the Experiment Station and the 
campus with its plantings of trees and shrubs furnish inter- 



esting object lessons to our students and visitors on the pos- 
sibilities of tree growth and landscape gardening. 

One bulletin of for forty pages has been published, giving 
the results of six years experience with fruits and ornamen- 
tal and timber trees at Coteau Farm. 

A new and revised edition of **Forestry in Minnesota/^ 
containing over four hundred pages, has been issued during 
the past year. It is a report on the value of native and in- 
troduced trees. There is now on hand, ready for publication, 
a bulletin on the apples which are of promising value. It 
will be illustrated with over sixty full size plates of varieties 
of apples, and will contain about one hundred pages. 

CHEMICAL DIVISION. 

The three bulletins published by the Division of Agricul- 
tural Chemistry during the year give, in part, the work ac- 
complished by this department. Bulletin No. 74, **Human 
Food Investigations,** treats of the composition and nutri- 
tive valueof a number of foods as determined by feeding and 
digestion experiments with men. Beans, cheese, butter^ 
bread made from different kinds of flour, as graham, entire 
wheat and patent, all milled from the same lot of wheat; 
toast and oatmeal, are some of the foods considered. Re- 
sults are also given as to the comparative values of butter 
and oleomargarine. A special feature of this bulletin 
is the report on the effect of the chemical ferments or enzymes 
in milk upon the digestibility of other foods. The influence 
w^hich these bodies have in the curing of cheese and the 
handling of dairy products had previously been demonstrat- 
ed by other investigators, but their effect upon the digestion 
of food had not been considered. The work reported in this 
bulletin shows that pure fresh milk may act as a digestive 
fluid, rendering other foods more digestible. 

Press Bulletin No. 14, published by the Chemical Division, 
treats of the feeding value of wheat and appeared at a time 
when wheat was selling at a comparatively low price. The 
report gave information in regard to the feeding value of 
wheat compared with other grains and milled products, and 
suggestions as to obtaining the best results in the feeding of 
wheat. It is believed that this bulletin proved to be of much 
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value, enabling many farmers to secure better returns from 
their lower and poorer grades of wheat. 

Bulletin No. 101, U. S. Dept., Office oi Experiment Sta- 
tions, gives the results of studies on bread and bread making 
made by this division. The results show that when graham, 
entire wheat and straight grade flour are milled from the 
same kind of wheat, a larger amount of available nutrients is 
obtained from the straight, due to its digestibility, than irom 
other grades of flour. The bulletin also shows the efiect 
which the addition or removal of gluten, the additibn of 
starch, and the blending of flours have upon bread making. 
This bulletin has created a great deal of interest in regard to 
the nutritive values of different kinds of flour. 

An extensive investigation has been made by the Chemi- 
cal Division, during the summer, in regard to the value of 
alfalfa as a farm crop. Work has also been carried on in re- 
lation to the testing of wheat and flour for commercial pur- 
poses. 

A large number of analyses have been made for farmers 
and others who have sent samples to the station asking for 
information. Such analyses have always been made free of 
cost whenever the results have been considered of public 
value. 

DAIRY DIVISION. 

In addition to the record of the work done by the dairy- 
herd, which has been kept for a period of eleven years, special 
experiments have been carried on in this division on protein 
and other nutrient requirements in milk production. These 
experiments are conducted by methods differing from those 
generally employed. Bulletin 71, treating of protein required 
by dairy cows in milk production, was the first of a series of 
bulletins to be issued under the new method with a view of 
testing the various feeding standards and the nutrient re- 
quirement in food of maintenance. Bulletin 71 gave evidence 
that cows really need only 60 per cent, ot the protein pre- 
scribed by the feeding standards. The experiment was re- 
peated during the winter of 1901-2 with less protein and yet 
normal yields of milk and butter fat were secured. The re- 
sults of this trial are now ready for publication, and give 
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more definite information in regard to the actual needs of 
dairy cows than has been shown heretofore. It is the aim to 
continue the work. along this particular line until the ques- 
tion of nutrient requirements for the various grades of milk 
are more definitely settled and practical standards are 
evolved — based upon the actual performance of the cows. 

It is a question of great economic value to every one en- 
gaged in milk production. Food stuffs containing a high 
per cent, of protein are very expensive, and if it is found that 
for ordinary work in the dairy our farm grains contain an 
ample supply of protein, it will prove a great economy to 
our dairy men. 

The experiment mentioned in the last report, of feeding 
dairy bred and cross bred steers for beef, has been continued. 
The object of this experiment is to determine so far as possi- 
ble the advisability of dairymen or creamery patrons breed- 
ing their dairy cows to beef breeds in order to raise steers for 
beef. This is a matter which can only be decided by a series 
of experiments extending over a considerable period of time. 
As heretofore, there is much demand made upon the dairy 
division for addresses at creamery meetings and assisting in 
the monthly educational butter and cheese contest. 

VETERINARY DIVISION. 

Work in the Veterinary Division during the past year has 
been interfered with by the erection and equipping of the new 
veterinary building mentioned in our last report. The 
amount of time required in getting such a building fully 
equipped and in good running order has been unexpectedly 
large, and Dr. Reynolds has not been able to do all the w^ork 
outlined in our last report. Correspondence, general office 
and hospital work, in additional to the professional cares ot 
our farm stock, have taken considerable time so that it has 
been difficult to accomplish very much in theway of research 
work. 

The health of our farm stock has been as good as usual 
during past years. One valuable foal has been lost from 
what is commonly known as **joint disease. *' There have 
been several cases of rheumatism among our swine in the 
old building, which is very deficient from a sanitary stand- 
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point. There has been some loss from tuberculosis in both 
the dairy and beef herds and a serious loss from an infectious 
meningitis in the dairy herd. At one time we were threaten- 
ed with an outbreak of infectious cellulitis of the foot struc- 
tures among young stock in the beef department; but by 
prompt treatment of the affected animals, disinfecting the 
feet and limbs of every animal in the department, and by 
disinfection of the stable the disease was soon checked, and 
no further trouble is anticipated. We have also had an out- 
break of hog cholera to deal with; but with the aid of the 
contagious ward in the new hospital and by other isolation 
and disinfection this was also checked, and the loss was 
comparatively light. 

Considerable research field work has been done with 
haemorrhagica septicaemia, Dr. Reynolds having had oppor- 
tunity to carefully study several outbreaks in various por- 
tions of the state. Individual cases have been kept under 
close observation from the earliest symptoms of the disease 
until the fatal terminations. The symptoms, histories of 
the cases, etc. were carefully recorded and may be used in a 
future bulletin. 

This is a comparatively new disease in the state, and 
seems to have developed in serious proportions. 

ANIMAL HUSBANDRY DIVISION. 

Prof. Thomas Shaw resigned from his position as Pro- 
fessor of Animal Husbandry in April 1, 1902, on account of 
his connection with The Farmer, and Mr. Andrew Boss was 
appointed Associate Professor of Agriculture and given 
charge of the Animal Husbandary Division. 

The work in Animal Husbandry during the year has 
consisted in preparing a foundation for reliable records in all 
lines of stock raising and feeding, and in some preliminary 
experiments in swine and sheep feeding. 

It is the policy of the division to maintain good repre- 
sentatives of each of the breeds of animals adapted to 
Minnesota. With this object in view several animals have 
been purchased; carefully selected individuals from the breed- 
ing stock have been reserved and all surplus stock sold to 
farmers at fair prices, or when not considered good enough 
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to sell for breeding purposes they have been sent to the 
block. 

Daily report sheets have been adopted to bring the de- 
tail work clearly under the observation of those in charge, 
and to insure painstaking care on the part of the herdsmen. 
Weekly feed records are being kept in cattle and swine feed- 
ing, and the sheep feeding is to be brought under the same 
system. This enables us to calculate the cost of growth of 
any animal and also to ascertain whether each animal pays 
the cost of maintenance. These records will be invaluable 
in determinating proper methods of feeding and if presisted 
in for some years will also be useful in studying breeds and 
types of animals. 

Records were kept of the food eaten by each litter of pigs 
from farrowing time until weaned, and so far as possible the 
pigs have been divided since weaning by breeds and sexes, 
and the records continued during the growing period. Five 
years of such work will throw much light on the relative 
value of each breed as pork producers. 

Experiments in finishing pigs of the bacon type have 
been conducted through a portion of the summer. Four 
lots were made up from the culls of the breeding pens and 
finished on peas, corn, ground hog millet and green com 
respectively. Three pigs from each lot were exhibited in the 
carcass demonstration at the International Exposition at 
Chicago and the balance slaughtered at hom.e, and the pro- 
duct cured at the school meat market, in order to study the 
quality of the bacon from such feeding. The work on bacon 
production will be continued during the coming year and as 
soon as conclusions can be reached they will be put into 
bulletin form. 

Several individuals of the breeds of lard hogs have been 

added to the swine herd, and work will be conducted along 

the line of their economical production as soon asasufiicient 

number may be obtained to make the results reliable. Some 

experiments in growing swine on pasture crops are planned 

for the coming year, with a view of studying their influence 

on pork production and the relative yields of the crops 
commonly used for such purposes. 

The forage experiments with sheep have been continued 
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as in years past with good results in pasturage yields though 
more land and larger plots would greatly reduce the cost 
of making such tests and would also eliminate some possible 
sources of error in securing data from the small plots now 
in use. Besides furnishing pasturage for 120 head of sheep 
and lambs during the summer, 25 tons of cured fodder have 
teen secured from the 16 acres given over to the division. 
The work in annual crop forage for sheep, is to have added 
to it some of the pasture and meadow grasses as a basis of 
comparison. While much larger crops of forage may be 
produced from the annual crops, the large amount of labor 
necessary to secure a succession of crops in season makes 
doubtful their economical superiority. It is believed that 
full grown wethers should be purchased for this work, as it 
is diflScult to estimate the amount of food used by ewes and 
lambs while the lambs are sucking. 

Lambs have been finished for the market on speltz, mac- 
caroni wheat, com and barley in comparison, and further 
comparisons of speltz with other grains as sheep food are to 
be made. 

Steers have been purchased for securing data on the 
value of the pasture grasses for cattle and these, with others 
purchased since from the range, will be f«d on sound corn 
and soft corn in diflferent form to compare with wheat as a 
food for finishing cattle. The pasturage work taken up in 
CO- operation with the division of agriculture has furnished 
valuable data and it is expected to continue these studies in 
connection with the experiments on farm management. As 
soon as the opportunity may be obtained, steers will be 
finished on grass pasture during the summer months. 

The appropriation made in 1901 for a new swine build- 
ing has been used in the erection of a brick building with ac- 
commodations for 15 brood sows with litters, or for 60 full 
grown hogs. 

A cattle bam for steer feeding has been erected from the 
material obtained from the old veterinary hospital, and 
various minor improvements have been made in the stock 
buildings and paddocks. 

An outlying farm, where summer pasture and winter 
fodder might be grown would reduce materially the ex- 



XVI 

penses of the division and aid in the maintenance of sufficient 
stock to supply the need of animals suitable for experiment 
work. 

ENTOMOLOGICAL DIVISION. 

The position of entomologist left vacant by the late Dr. 
Otto Lugger has been filled by the appointment of Frederick 
L. Washburn, A. B. and A. M., a former resident of Minne- 
sota. He has been for the last twelve 3 ears entomologist 
of the experiment station and in connection with the Uni- 
versity of Oregon. He began work here in May, 1902. 

The entomologist was engaged during the summer in 
answering calls from diflferent parts of the state where chinch 
bugs, grasshoppers or the Hessian fly were damaging the 
crops, and where it seemed practical to demonstrate methods 
of combating these insects. 

Numerous circulars have been sent to the papers of the 
state giving information regarding the above pests and the 
btst means to combat them. 

In May, in response to an apparent need, a press bulletin 
on **A Remedy for the Mosquito Evir' was issued. 

Experiments have been conducted to determine the best 
methods of combating the mosquito, the horn fly, the white 
grub, the stalk borer, cockroaches and the chinch bug; the 
last named pest being studied in co-operation with the agri- 
cultural division of the station. 

Studies are in progress in the life histories of the mos- 
quito, Hessian fly, chinch bug, codling moth and white grub 
with a view of determining the best methods of economical 
treatment. 

Fourteen nurseries have been inspected and certificates 
granted to the proprietors. 

During the past season 980 gallons of kerosene oil have 
been issued free of charge to farmers in the grasshopper in- 
fested districts for use in hopper-dozers. 

Extreme conditions in Ottertail county in May appear- 
ing to demand it, the State had plowed, under direction of 
the entomologist, 200 acres of land to avoid the spread of 
grasshoppers. This pest has been injurious in the vicinity 
of Crookston and also in the Hill River district. The lack 
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of a more general visitation was undoubtedly due to the 
extreme moisture last spring which destroyed the eggs. 

The Rocky Mountain locust has not been discovered this 
summer in Minnesota. The form which has appeared, as 
above mentioned, is what is known as the lesser migratory 
or White Mountain locust, a species not much less injurious 
than the dreaded Rocky Mountain variety. 

POULTRY- DIVISION. 

The workin this division has been largely a continuation 
of the experiments mentioned in the last annual report. In 
addition a series of experiments to determine the best ration 
for laying hens has beencrrried through the year, the results 
of which will be published later. The keeping of records by 
means of trap nests has been continued, and a complete rec- 
ord of the work done by individual hens as well as the food 
consumed, is kept. 

Experiments with artificial incubators confirm our 
former belief that while lor large poultry plants they are 
a necessity, for the average farmer they are no improvement 
over the natural incubator, properly managed. 

Owning to lack of room only one breed is being kept. 

It is believed that a number of small poultry houses, 
each one being built so as to illustrate a different method of 
building a poultry house for the average farm, would be a 
good way to relieve the present crowded condition of this 
division. 

Letters from farmers seem to indicate that a bulletin on 
the subject of farm poultry houses would be welcomed. 

NORTHWEST EXPERIMENT FARM. 

The work on this farm has not been wholly successful 
this year on account of the excess of moisture. There is 
great need of drainage to take the surplus water off which 
would remove from the soil much of the alkali salts. 

Good work has been done in grasses, substituting for 
native grass something more productive and having more 
nutritive qualities. In 1896 forty plots were sown to test 
the different species and mixtures of grasses. These plots 
have not been plowed since. Timothy, bromus, red-top and 
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slender wheat grass have given the best results. While the 
bromus has improved each year it has not been entirely sat- 
isfactory for a hay crop. In quality it is excellent both for 
hay and pasturage. Clover has been successfully grown. 
For three years the average yield was 3714 lbs. per acre. 

We had a failure in 1900 due to drouth and a partial 
failure in 1901 due to excessive rains. Clover has never been 
winter killed on this farm. The growing of crops for forage 
has been quite easy, and this is growing in popularity in the 
Northwest every year. Corn is the leading forage plant and 
has never failed for fodder. Peas and rape have been tried 
with good results. 

Roots have been tried only in a garden way and give 
promise of becoming a prominent crop. 

The soil and climateis adapted to the highest production 
of celery. It is being given a field trial this year for the first 
time. 

Plums have succeeded well where planted among other 
trees. 

A good start has been made in poultry. A foundation 
stock has been built up. Flocks of barred and white Ply- 
mouth Rocks, White Leghorns, Light Bramas and Cornish 
Indian Games are kept on the farm. Flocks of Pekin ducks, 
gray African geese and Bronze turkeys are also kept. A 
poultry house large enough for 150 birds was built during 
last year, which has proved in every way satisfactory. 

The legislature made an appropriation in 1901 for a cat- 
tle barn. On account of advance in prices of building ma- 
terial we have not been able to let the contract as yet. 

NORTHEAST EXPERIMENT FARM. 

During the fall of 1901 the appropriation of $1,200.00, 
made by the legislature the preceding winter, was expended 
in the erection of a cattle barn. This structure is 30x58 feet 
long, and has a hay loft with 16 ft. studding. It is built on 
the hillside, giving the whole basement for stock, with floor 
for grinding and cutting feed above. The barn is well con- 
structed and well arranged, and should fulfill the purpose 
for which it was built. 

One system of sheep pastures has been completed by the 



XIX 

construction of the remaining fences, and the sheep can now 
be turned upon anyone of the five fields upon which is grown 
a five year rotation of crops, thus giving them abundant 
pasture at all seasons. Four and one half acres of land were 

stumped and broken and planted to corn and potatoes, and 

the stumps were pulled from five acres more. About three 

acres additional was logged and brushed. This clearing 

was done upon land intended for hog pastures, and in the 

sheep pastures, upon which the sheep had run for three 

years. A corn binder was obtained to replace the method 

of cutting fodder by hand. 

The field experiments consisted of testing new varieties 

of oats, wheat, barley and winter wheat; fall vs. spring 

plowing for grain; effect of changing seed oats and wheat; 

varieties of com; breeding corn; testing varieties of fodder 
corn, distance and method of planting; tests of clovers and 
grasses, amount of seed; millet varieties, root crops and 
potatoes. Some sixty varieties of potatoes w^ere compared 
for yield and quality in cooking tests. A large number of 
kinds of vegetables were raised. Additions were made to 
the apple and plum orchard and to the raspberries and 
strawberries. In the spring of 1902 considerable ornamental 
planting was done about the buildings and grounds, consist- 
ing in establishing an arboretum and groups of trees, shrubs 
and perennial flowers. 

Our stock, consisting of a herd of dairy cows, grade 
Oxford sheep and large Yorkshire swine, was maintained in 
good condition. 

The results of the work have been brought before the 
public in the form of press bulletins, which, to the number 
of thirty, have been sent to about fifty newspapers in the 
northern part of the state, nearly all of which published 
them in full. In this way, it is hoped to fulfill to the fullest 
extent possible the objects of the station^s establishment. 

17,000 copies of each bulletin are issued to supply our 
mailing list. By reason of many calls from out of the state 
for bulletins on special subjects, in addition to our regular 
bulletin list, we publish several thousand extra copies. 

Two press bulletins have been published during the vear, 
No. 14, entitled ^^The Feeding Value of Wheat,'' and No. 15, 
^'A Remedy for the Mosquito Evil.*' 

Bulletins are issued for gratuitous distribution to the 
citizens of Minnesota who apply for them. 

Respectfully submitted, 

WM. M. LIGGETT, Director. 
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INTRODUCTION. 

This bulletin is prepared especially as a guide for the use of 
the classes in the greenhouse laboratory work of the Minnesota 
School of Agriculture. It is one of the results of the development 
of our special School of Agriculture and of our efforts to meet the 
necessities of students. 

As our school is in session during the autumn and winter 
months only, it is very desirable to illustrate by indoor exercises 
some of the principles that underlie the practice of horticulture and 
agriculture in this section. Many of the lessons here given could 
be illustrated much better by field practice and many other and per- 
haps more valuable lessons could be given, were it possible to 
have the school in session during the growing season. The de- 
velopment of this work has been greatly facilitated by the loyal 
and earnest attention of Mr. R. C. Carroll, for many years fore- 
man of the Division of Horticulture, and my assistant, Mr. R. S. 
Mackintosh, who has been closely identified with this line of in- 
struction from its inception. 

THE GREENHOUSE LABORATORY. 

The greenhouse laboratory is a one-story (26 feet by 50 feet) 
wing of the horticulture building. It has a large skylight, a ce- 
ment tile floor, brick walls, benches on three sides, with ninety 
lockers. A supply room occupies one corner. On the walls are 
hung framed specimens of most of our troublesome weeds. 
Twenty-two students can easily work here at one time. Each 
working place is equipped with small watering pot, small shovel, 
three screens, smoothing board, dibber, etc. In addition, each stu- 
dent is furnished in his locker with two germinating pans com- 

3 
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plete, a budding knife and a grafting knife. In the store room is 
other apparatus which is supplied as occasion demands. 

The person having this work in charge, in order to obtain best 
results, must insist upon its being done carefully and thoroughly. 
The note book of each student must contain a full statement o£ the 
way the work is done and the results from it. If time can be 
found for it, some of the more important exercises should be re- 
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peated. Many matters of interest in the same general line may 
often be introduced to advantage. These are quite numerous in 
all greenhouses, and may consist of some specially troublesome 
disease, such as club root of cucumbers and tomatoes, or leaf spot 
of roses, or of the common insects that are troublesome under 
glass, as the red spider, green fly, mealy bug and scale. Other 
methods of potting or shifting may be occasionally performed, or 
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some bud variation shown before the class. In fact, it should be 
the aim of the instructor to have every period crowded with sug- 
gestions, and never lose sight of the fact that he is teaching prin- 
ciples. It is very important that the student label every plant he 
handles with its common name, and become familiar with its 
value. A good gardener, or other person used to the care of 
greenhouses, should be in charge of the daily routine work of 
watering and ventilating the greenhouses, as students have their 
time too closely occupied with other lines of work to assure good 
results when all the details are left entirely to them. 

Samuel B. Green. 
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:;reeh, r. s. mackintosh. 



LARGE SEEDS VS. SMALL SEEDS. 

There is generally an advantage in sowing large seeds. In 
the case of the Radish the large seeds give larger and earlier rad- 
ishes than the small seeds. At the Minnesota Experiment Sta- 
tion in 1901 the difference in the product was as follows : 



, RsdlBb Seeds. 
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The product from the large seed was marketable four days 
earlier than that from the small seed. 

Material needed. Oner flat (box); potting soil; radish 
seed ; smoothing board ; two 4-inch pot labels. 

Exercise 1. Count out 100 of the smallest and 100 of the 
largest radish seeds. 



Fig. b. Radiabu— product from latge add aman seed. 

The soil for the seed bed should consist of any good garden or 
potting soil. Potting soil is made by mixing together 2 parts 
good garden loam, 2 parts leaf mold, 2 parts rotted manure, 2 
parts clean sand; screen through a one-half inch mesh screen. 
Level off and make depressions (see figure 8) for four rows the 
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long way of flat. Write labels as shown in figure 7 — ^always be- 
gin at end that does not go into the soil. Never use a pen or indeli- 
ble pencil, but rather a soft black lead pencil, well sharpened. Sow 
50 seeds in a row. Water and put at your place in greenhouse. 

The seed for this purpose should be just as it comes from the 
winnowing machine after threshing, and before it has been 
screened. The ordinary radish seed of the stores has generally 
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Fig. 7. Pot Label. Proper way of writing date, name, etc. 

had all the small seeds taken out, and there is not as much differ- 
ence in the seeds as is desirable. 



SEED SOWING IN BOXES. 

Many kinds of plants must be started under glass in order to 
have them sufficiently larg;e to get satisfactory results ; such seeds 
are usually sown in boxes. 

Material needed. Flat ; smoothing board ; potting soil ; let- 
tuce. Golden Feather and Petunia seed ; labels. 

Exercise 2. Fill flat to within one-half inch of the top with 
good potting soil ; screened through a half-inch screen ; on top of 
this put one- fourth- inch potting soil screened through one-eighth- 
inch screen, to make a fine surface in which to sow the seed. This 
is not necessary in the case of large seeds like lettuce, but is very 
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desirable in the case of small seed, such as Golden Feather and 
Petunia. Smooth off the top of the soil with the smoothing board ; 
make depressions for the seed two inches apart by pressing the 
edge of the smoothing board in the soil. Sow seed at the rate of 
about fifty to the inch ; cover lightly by carefully pushing the soil 
over them with edge of smoothing board. Firm surface of soil 
with flat side of smoothing board ; water and place in greenhouse. 
When very fine or weak seeds are sown they are sometimes 
covered with moss which has been rubbed fine by working through 
a very fine screen. 

12 



PLANT FEEDING WITH NITROGEN. 

The special elements that enter into the composition of plants 
and are most often lacking in the soil are potash, phosphoric acid 
and nitrogen. Each of these elements acts somewhat differently 
on the plant. Potash and phosphoric acid encourage early matur- 
ity and seed production. This lesson shows how nitrogen acts. 

Material needed. Two six-inch flower pots ; potting soil ; 
spinach seed and two pot labels. 



Exercise 3. Fill two six-inch flower pots with good potting 
soil to within one inch of the top of the rim ; sow in each twelve 
spinach seeds, cover with one-half inch of soil and put in the 
greenhouse. If seeds are properly watered, the plants should 
show in five days. When the spinach is well started, thin out to 
three plants to each pot. Mark one pot A and the other B. 
Water A entirely with hydrant, rain or well water. Water B 
13 
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three times per week with water in which nitrate of soda has been 
dissolved, at the rate of one ounce to the gallon. Make up a jar 
of this strength, so as to have it ready for use at all times. The 
dry nitrate could be put directly on the surface of the soil, but 
unless much care is used it is liable to burn the plant if it comes 
in contact with it. 

After four weeks pot B should show marked increase in size 
and vigor of foliage. It is not uncommon in this experiment to 
get ten times as much foliage on the plants in pot B as in pot A. 
Nitrate of soda (called also Chili Saltpeter) is obtained from Chili. 
It resembles common rock salt in appearance and is one of the 
chief nitrogen fertilizers. It is especially valuable as a fertilizer 
for early leaf crops, and is often used by market gardeners. For 
special crops it should be applied at the rate of 150 pounds per 
acre in the field, at intervals of two weeks. Heavier applications 
are not desirable. Plants take up their nitrogen in the form of 
nitrates. The effect of large quantities of it in the soil is to cause 
an excessive growth of dark green leaves and wool. When applied 
to perennials in excess, it causes late maturing of the wood. Let- 
tuce, cabbage or other leaf crop will give about as good returns 
as spinach. 



POLLINATION OF FLOWERS. 

Most if not all flowers with conspicuous corollas are pollen- 
ized by insects which carry the pollen from one flower to the 
other on their bodies. Most plants are more productive when 
their flowers are pollenized by pollen from other plants. There 
are many ways in which this cross polHnation is assisted by the 
form of the flowers. The Exercises 4, 5, 6, illustrate some of 
these forms and show how pollination may be done by hand. 



PRIMULAS. 



Material needed. Long and short styled primroses, prefer- 
ably the Chinese Primrose ; white thread ; black thread ; raphia ; 
labels. 

Primulas have two kinds of flowers, known respectively by 
the terms (a) long-styled, (b) short-styled. All the flowers on 
each plant are the same kind. 

Exercise 4. Make the following crosses when flowers are 
ready for pollination : 




Fig. 10. Primnla Flowers, 

(A) Self-pollenized ten flowers, i. e., use pollen from the 
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same plant, but pollen from different flowers, and mark with a 
white thread tied around each flower stalk. 

(B) Pollenize ten long or short styled flowers with pollen 
from other plants having the same form of flowers. Mark with 
black thread tied around each flower stalk. 

(C) Pollenize ten long or short styled flowers with pollen 
from other plants having different form of flowers. Mark with 
a piece of raphia tied around each flower. 

The corollas should be removed by carefully splitting them in 
two portions so as not to scatter any pollen on their own stigmas. 
The pollen in the anthers, attached to the corroUas may be used 
for pollenizing other flowers. Follow directions carefully and 
mark crosses as directed. 

Darwin found that crosses between the different forms of 
flowers of primroses produced more and better seed than crosses 
between plants with the same kind of flowers, while self-pollenized 
flowers were sterile, or nearly so. If the exercise is carefully car- 
ried out, the results will show no seed formed from self-pollenized 
flowers, while good seed will generally be formed in the cross 
pollenized flowers. Since the work is done in the greenhouse in 
winter when there are very few insects present, there is prac- 
tically no danger of the pollen being carried by insects. In ma- 
nipulating the flowers, those for seed bearing should have opened 
only recently, and their stigmas should be fresh and slightly sticky. 



CUCUMBERS. 



Material needed. One thrifty cucumber plant for each 
student; small paper labels. 

Exercise 5. Note the two different kinds of flowers and 
that one is staminate and the other pistillate. Make an enlarged 
drawing of each flower in note book. To transfer the pollen take 
off a staminate flower which has the pollen grains showing on 
the stamens, draw back corrolla and dust the pollen onto the 
stigma of the pistillate flower. Mark each flower pollenized, with 
the date of the operation. Pollenize all the pistillate flowers as 
thev arrive at the proper stage of development. 
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Select four flowers and pollenize only one lobe of the stigma 
of each, and note its effect upon the fruit. It will generally cause 
the fruit to be one-sided if the work is done carefully. In this 
case it will probably be best to transfer the pollen with a tooth- 
pick, as the work can generally be better done in this way tiian 
where the stamens are rubbed on the stigma. 



Pig, II. Cucumber Flowers. 



Select three pistillate flowers and tie the corolla of each to- 
gether the day before they are to open, with a light string so they 
cannot open. This will prevent pollination and probably will 
prevent the development of fruit. 



STRAWBERRIES. 



Material needed. Two well-rooted strawberry plants in 
pots : these should be in flower when turned over to the students ; 
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it is desirable that one plant shall have a perfect flower and the 
other a pistillate flower. 

Exercise 6. PoUenize six flowers of the pistillate sort with, 
pollen from perfect plant, and leave about as many more without, 
being pollenized. Remove the stamens from one-half of the flow- 
ers of the plant having perfect flowers before they open ; note the- 
results in each case. The work shonld be carefully done and at- 



Fig. 12 Pollealiln^ CDOumber FloRers b; Hand, 

tention called to the appearance of the stamens when they are 
ready to receive the pollen. Notice that the pistillate flowers have 
abortive stamens. 

Make drawing of flower from each plant. 



LESSON E. 



GROWING OF PLANTS FROM CUTTINGS. 

A few plants increase, at least to some extent, naturally from 
cuttings. Good examples are willow whose small twigs will 
often root on overflowed land. The buds of the Tiger Lily are 
in effect but cuttings and root very easily. 

Soft wood and leaf cuttings are terms applied to such cut- 
tings as are here indicated. That is, they are made while the 
plant is still growing. The best condition of the wood for soft 
wood cuttings will vary more or less with the different plants. 
Wood that is very soft and succulent seldom roots very well and 
is quite liable to be injured by fungus. As a rule wood that is 
rather hard but yet in condition so that it will break in bending 
will root best. Very old wood is slow in rooting and the roots 
from it are not generally as vigorous as from that which is about 
half matured. 

In the case of roses the right condition of the wood is that 
which is found in the wood just below an opening flower. The 
illustration shows cuttings in about the proper condition for root- 
ing to best advantage. 

Hard wood or dormant cuttings are terms applied to cuttings 
taken after the wood has ripened, usually after the leaves have 
fallen, as is the common practice in making cuttings of willow and 
currant. 

Plant food in large quantities is stored up in the hard wood 
cuttings, so that, when put in the soil, it can form roots and top 
and generally take care of itself until it is a fully developed plant 
and able to continue its existence. On the other hand, the soft 
wood cutting has little if any plant food stored in its tissues, and 
must be carefully watered and protected, so as to preserve its 
foliage that it may be able to form plant food. This accounts 

19 
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for the difference Jn the treatment of the two kinds of cuttings. 
If the leaves are cut off, or allowed to wilt, on soft wood cutting, 
they will generally fail. Since the leaves assimilate plant food 
to the best advantage in direct sunlight, they should have all the 
sunlight they can stand, provided they do not wilt. Having no 
root system, they must have plenty of water. 



Fig. U. Tjp\ca.l Cuttings of Honse PlanU. 1.— DmbteUa Plant {Cypirui aUtrmfoUus 
rooted.) 2.— SanioUna {Santolina ckamacyparhs^si. 3.— Onaphalinio iHilichryium 
pttiokttHm'i. A.— F\ic\a\A {Fuchsia spA i.— Cigar PlmtlCifita plaljreentra). 6.— Crab 
Cacui (Epififyllum iruacainm.') 7.— Aninerj Plant) Pilta sirphyUi/olia). 8.— S««-grap« 
iCoccoloba ^ifira). 9.— Geranium \Pilargo«ium korlorum.) 

Material needed. Plants for cuttings (these should con- 
sist of at least six kinds that root easily, as coleus, fuchsia, bryo- 
phyllum, geraniums, artillery plant, tomato, chrysanthemum, leaf 
cactus) ; one flat full of sand ; a sharp knife, and pot labels. 

ExerciRe 7. Make one or more cuttings as directed of each 
plant given out, as shown in figure 13, and insert them in rows 
in the flat of clear sand, close enough to economize space, but far 
enough apart so that they do not shade one another. Rows three 
inches apart is about right. Mark each kind with its common and 
botanical names and the date when they were made up, and, after 



CUTTINGS. 



watering thoroughly, place in full sunlight in the greenhouse, 
but they must be shaded with paper or burlap if they show signs 
of wilting. 



Pig. 14. Coleos, 1.— I.ca(. Z.— Tiro split cattlnga. 3.— Ordloarj. 

Qean sand is best for rooting cuttings, but if this cannot be 
had, nearly as good results may be obtained from clean moss or 
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sifted coal ashes. Sandy Icam will answer, but it is not so good as 
the former, although most of the hard wood cuttings will root in 
loam. The probable reason why sand is best is that it is freer 
from disease germs, to the attacks of which the cuttings are liable 
until rooted. 

EzerciK 8. I. Make up one cutting of coleus, as shown in 
exercise 7, (see No. 3, figure 14.) II. Select a joint having two 
good, thrifty leaves and cut it out with piece of stem about one 
inch long, or less. Split it lengthwise, as shown in figure 14, No. 
2, and insert in sand. III. Cut off one good, thrifty coleus leaf, 
and put in sand, figure 14, No. i. 



Pi;. 16. Bex BefoniB. 1.— Laf. 2.— Leaf mads into cBttlB^s. 3.— CnttlnK rooted. 

Notice that all the coleus cuttings root readily. Pot off all 
when rooted and note that cuttings II and III produce plants, but 
leaf cutting I, while it greatly increases in size, fails to develop 
a bud, and hence no plant is formed. 

Exercise 9. Cut up a full grown Rex Begonia leaf, as shown 
in figure i6, and place in sand, as described under exercise 7. 
Note that In a few weeks the pieces of leaves produce buds and 
from these the new plant starts. 

ExerciBe 10. Pin up a full grown Bryophyllum leaf on the 
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wall of your desk or put in your locker. After several weeks note 
that it has the power of starting into growth and producing small 
plants from the edges of the leaf. After these have started, the 
leaf itself dies away, and the plants may be removed and potted. 



Fig-. IT. Bryopbyllaiu leaf with new plants starting: froin tis edsea. 

This is a common method of propagation with this plant. No 
water is required for the plant in this experiment; it will grow 
just as well in a dry room as in a moist one. 

Exercise 11. Rose cuttings. Use young vigorous wood; 
very soft wood is almost sure to fail ; it is much better to have it 
too hard than too soft. Cut this wood into as many pieces as 
there are buds on it, as shown in figure i8, and insert in sand as 
directed for exercise 7. Note that in a few weeks the lower end 
of the cuttings become covered with a growth of white soft tissue 
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which soon sends out roots and that they do not send out roots 
from above this point. This soft white growth is known as 
callus. 



Callus. Denotes the first growth made by plants in the 
healing over of their wounds. 



LESSON F. 



CORROSION OF MARBLE BY ROOTS. 

Plants differ greatly in their power to obtain plant food from 
soils, and one of the reasons for it probably is that the roots of 
certain plants secrete fluids, which aid them in obtaining some of 
their food from the minerals in the soil. This lesson illustrates 
how a lime rock may be made to yield up its lime to roots. 

Material needed. Six-inch pot ; marble block 2x2 J4 inches 
in size ; polished on one side ; old newspaper ; moss ; sand ; Wind- 
sor Beans. 




Fig. 19. Marble block corroded bj bean roots. 



Exercise 12. Fill a six-inch pot to within three inches of 
its rim with sand. Put in a marble block and imbed in sand; 
place a germinated bean at one corner of the marble block, so 
that its roots will grow across it; fix it in position with a little 
sand; cover with six thicknesses of newspaper and one-half inch 
of moss ; water thoroughly ; allow place at side of newspaper for 
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bean plant to push out. Examine the roots of the bean each day 
and see to it that they are in close touch with the marble block. 
The newspaper covering will allow of this being readily done. 
After plant is six inches high, pull it up and note that its roots 
have etched the polished surface of the marbje where they have 
come in contact with it. Make drawing in note book to show the 
etched lines thus made. 

The Windsor bean is used because it is so large that it is 
easily handled and its roots act strongly and give especially good 
results. 



LESSON G. 



GRAFTING. 

Very few of our improved perennial plants come true from 
seed. To propagate those that do not root easily from layers or 
cuttings, they are usually grown by grafting or budding. No 
exact dividing line can be drawn between grafting and budding, 
but as usually practiced the cion in grafting contains more than 
one bud, while in budding the cion has only one bud. 

Grafting and budding refer to the propagation of a plant by 
means of a cutting (cion) inserted in a rooted plant (stock) of 
the same or very closely related species. Thus the original 
Wealthy tree has been increased by inserting cuttings of its 
branches into seedling apples. The stock and cion grow together 
as one plant. The coin becomes the desired kind of plant, while 
the stock furnishes the root system which supports the cion. Suc- 
cess depends, first upon the perfect union of the wood of stock 
and cion. Second, the inner bark or cambium layer of both stock 
and cion must come together closely. It is impracticable always 
to have the stock and cion of the same size and it is the common 
practice to so fit the graft that the cambium layers are in close 
contact on one side. This means that the inner bark of both 
cion and stock are together on one side. Third, the wounds 
made must be covered to keep them in close contact and from dry- 
ing out. Wax or waxed cloth is used in grafting, while in bud- 
ding, tying with string or raphia to hold the bud firmly in place 
is the usual way and wax is seldom used. 

Terms. The part inserted is called the cion, and in common 
grafting, it must be of the preceding year's growth, but cions of 
older and also of young growing wood, are sometimes used, but 
must always have vigorous buds. The part in which the grafts 
are inserted is termed the stock. The operation of putting these 
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parts together is termed grafting. Gardeners also use the term 
working ; applying it to both budding and grafting. 



PRACTICE WORK IN GRAFTING. 

Material needed. Moderate sized twigs of almost any kind 
of tree. The best would be apple twigs of the preceding year's 
growth for cions, wood three or four years old for top grafting 
and apple roots for root grafting. But as these materials are 
difficult to obtain in sufficient quantity for a large class, it has 
been our custom to use one year old willow twigs of large size, 
as these we can obtain very easily. A short thin knife, such as is 
commonly used by shoemakers, is very useful. Grafting wax and 
raphia. 

Exercise 13. Four kinds of grafts should be made. A. 
Splice graft; B. Whip graft; C. Cleft graft; D. Side graft. 
These are all illustrated in figure 20. Students must use as much 
care in this practice lesson as in any other. 

Grafting wax is made as follows : Melt together by weight 
four (4) parts resin, two (2) parts beeswax, one (i) part tal- 
low. When melted, pour into water, grease the hands and pull 
until it is about the color of molasses candy. Make into balls and 
store for use. Such wax should be warmed when applied. When 
grafting wax is well made, it will not run in the summer nor 
crack in cold weather. If too hard, add more tallow ; if too soft, 
add more resin. It is used for covering the union of cion and 
stock and for covering the wounds of trees generally. 

Waxed cloth or paper is made by coating cloth or heavy ma- 
nilla paper with hot wax, after which it is hung up to dry. It is 
used for binding grafts and covering tree wounds. When ready 
to use, tear or cut into long strips about five-eighths of an inch 
wide. Begin at botton of graft and wind around until wound 
is covered with one thickness from bottom to top. If the wax 
cloth does not fit tightly in all places, press between thumb and 
finger until it does. 
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REGULAR WORK IN GRAFTING. 

Material needed. Seedling apple trees, two or three year? 
old, such as are commonly used by nurserymen for propagating 
the apple. These cost not more than one dollar per hundred for 
those of largest size, such as will make at least three stocks each. 
They should be obtained in autumn and be buried in sawdust or 
sand in a very cold cellar, A sharp knife; grafting wax; graft- 
ing cloth ; raphia. 



(b) Cross section of cioa showing ncdge sbaped cm. |d) Clefi Grafi. 

Cions of any variety of apple may be used. These should 
consist of shoots of the preceding year's growth, not less than 12 
inches long. Such shoots may be cut when wanted, but general- 
ly they should be gathered late in autumn and be stored as recom- 
mended for the roots. When using, cut to about five inches long 
and use all the firm wood. 
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Root grafting may be done in the house at any time after the 
leaves have fallen and before the trees start into growth again in 
the spring, but perhaps the best time is between the middle of 
December and the middle of March. After they are made up 
they should be stored in cellars, in sand, soil, moss, sawdust or 
similar material for planting out in the spring. When thus stored 
the cion and stock should grow together by callousing before plant- 
ing in the open ground, and that, too, with scarcely the starting of 
the buds. 

Exercise 14. Make the following grafts : 
A. — 2 splice grafts and tie only with raphia. 
B. — 3 cleft grafts. 
C. — 2 side grafts. 
D. — I whip graft. 

Wrap all with waxed cloth except A. Lay grafts on bench 
in greenhouse and cover with two inches of moist sand. Allow 
them to remain thus for one week and then notice that the wounds 
have calloused, i. e., have begun to heal over. The buried grafts 
must not be allowed to get dry. When well calloused plant in a 
six-inch pot in good soil, water and set in greenhouse. This is 
done that the results may be seen in the course of the term's work. 

E. — Make lo whip grafts, and pack in sand in a box, to be 
stored in cold cellar until spring. Label each variety with its 
name and the date it was made. Students can have these whip 
grafts sent to their homes in the spring, if they leave ten cents for 
postage and packing. 

The splice graft is made by cutting the upper end of stock and 
lower end of cion with a long bevel, then tying both together with 
the bark even on one side. This form is only used in cases where 
the wood is pithy, as in rose wood. (See figure 20, Nos. 3 and 4.) 

The tongue or whip graft diflfers from the above only in there 
being a slit cut in both stock and cion, so that when pushed to- 
gether the tongue of one is in the slit of the other, thus they 
are held together firmly and have more surface in contact than in 
the splice graft. This form is commonly used in root grafting 
the apple, plum, etc., and on small stocks. (See figure 20.) 
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The cleft graft (at D, figure 21) is commonly used in stocks 
of large size, but may be used on those that are small. In com- 
mon practice stocks over three-quarters of an inch in diameter 
are cleft grafted. The stock is cut off square on top and slit down 
through the center for about one and one-half incites. The cion 
is cut with a long bevel on both sides; the faces (in cross section) 
should not be parallel to one another, but rather wedge shaped, as 
shown at B, figure 21. If the stock is large enough, two cions 
are put in as shown in figure 21. This form of graft is used 
chiefly in top working old trees, etc. The wounds are covered 
with wax. 

The side graft is used principally in grafting such stocks as it 
is not desirable to cut back until the cion has started, and for root 
grafting the cherry, where for some unknown reason it gives best 
success. It is made by cutting a slit downward, far enough into 
the wood so that when the cion is inserted it is held in place. The 
cion is cut with a long bevel on one side, but on the other the cut 
should only be about one-half as long. The long cut is placed 
next to the stock. Tie in place with a little raphia and then cover 
all with wax cloth. 

In making all grafts select a place on stock and cion where 
the bark is healthy, smooth and even. 



HERBACEOUS GRAFTING. 

Most plants can be grafted more surely when their wood is 
quite hard but sometimes it is quite practicable to graft very im- 
mature wood as in this exercise. 

Material Needed. A potato plant eight inches high; to- 
mato plant for cion. An early potato will be best to use for win- 
ter practice, as it will start into growth more easily than a late 
kind. Raphia; moss. 

Exercise 15. The potato stem should be cut off square about 
four inches from the ground and the stem split about one and a 
half inches down. The cion should be about four inches long 
from the growing end of a tomato plant. This should be cut wedge 



GRAFTINO. 33 

shaped sufficiently to fit into the deft in the potato stalk, which 
should then be tied together and the whole union surrounded 
with a bunch of damp moss. The plant should then be protected 
from the sun for a few days and the moss about the union should 
at all times be kept wet. If the work is properly done, the cion and 
stock will soon unite and very likely the cion will send out roots 



FIj 21. HerbaceoBB Grafting;— potato on tomato. 

into the moss, which does no harm. The tomato should grow and 
produce fruit, and the potato will produce tubers. The reverse of 
this operation may be as successfully performed on thrifty to- 
mato plants and small green tubers will be produced at the base 
of the potato cion at the union, figure 22. But the latter is not so 
successfully performed as the former. 



BUDDING. 

Budding, as the term is commonly used, applies to the opera- 
tion of setting a bud into a growing tree. Budding of the plum 
and apple is usually done in July and August with a bud of the 
current season's growth. Buds inserted at this time should not 
start until the following spring. Figure 23 shows the different 
stages of the operation, and it is quite distinct from the methods 
of grafting described in lesson G, and yet, as previously stated, 
there is no difference in the principles involved in the two forms 
and the terms used are the same. 



4.— Bod iuaened. 5.- 
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PRACTICE WORK IN BUDDING. 



Material needed. Willow wood or elm wood; a sharp, 
round pointed, thin knife. 

Exercise 16. In this exercise for practice we use willow 
wood, which has been buried in moist warm sand until the bark 
will separate readily. We have also resorted to inserting the buds 
under the outer bark of the common elder. The buds for inser- 
tion may be from apple, plum, elm or others, and they should be 
carefully and firmly bound in place with cotton warp, yam, raphia 
or similar material. It is also a good plan to nail the sticks that 
are to be used for stocks to a plank on the floor, so that they can 
be worked the same as if they were in the ground. 

Insert and tie in a neat and workmanlike manner at least six 
buds or until work is well done. 



REGULAR WORK IN BUDDING. 

Material needed. Some thrifty growing apple seedlings or 
rose bushes in pots. We prefer two year old seedlings of Siberian 
crab (Pyrus haccata), as they start more quickly than the com- 
mon apple (Pyrus malus), in the winter and have given us excel- 
lent results. Any variety of thrifty rose will also answer. We 
have found Gloire de Dijon the most satisfactory of the roses for 
our purpose. 

two forms of budding are used : — 

Exercise 17. Budding with a dormant bud. This work is 
adapted to use in the spring after the foliage has started, say as 
late as the latter part of May. The cions in such a case must be 
kept dormant by cold storage until used. The Pyrus baccata may 
be budded at any time after they get to growing nicely, using 
buds from apple cions which are kept in the cellar, but when 
short of named varieties, the buds from the tops of dormant ap- 
ple seedlings are used. The buds are inserted as shown in the pro- 
cesses illustrated in figure 23. Six buds are inserted in one plant. 
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As soon as they are ^own fast, the tc^ of the plant is shortened 
back severely so as to throw the growth back into the inserted 
buds, which will soon begin to push and make a new top for the 



Fig. M. Bgdd«d plant wltb lU b 



plant. As soon as the inserted buds start, all other pushing buds 
are removed from the stock. 

Exerciie 18. Budding with a pushing bud. This is per- 
formed by cutting off a bud from a growing rose branch, and after 
removing all but one-half inch of the stem, inserting the bud 
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under the bark of some other rose bush. The further treatment 
is as for exercise 17. We also use the buds from the new wood of 
our potted apple seedlings to illustrate this lesson. This form of 
budding is adapted to use in June. 

Conditions necessary for success in budding are similar to 
those in grafting, (i) a congenial stock and cion; (2) stock in 
thrifty growing condition; (3) buds well developed on the cion; 
(4) tied firmly in place until grown fast. The ties should be ex- 
amined occasionally and if found too tight, loosened so that they 
will not injure the stock. 



LESSON I. 



POTTING. 

Potting is a term used to indicate the setting of plants in pots. 
It is done on a large scale in greenhouses and sometimes for hot 
beds and cold frames. It is also aij important part of the manage- 
ment of house plants. Poor potting is responsible for many fail- 
ures in growing plants. 

Material needed. Plants that are easily grown as seed- 
lings of common Golden Feather or Lettuce. They should be 
quite small and only large enough to go easily into a 2j/2-inch pot. 
Good garden loam, leaf mold; rotted manure; sand; 2j^-inch 
pots ; labels. 

Exercise 19. Mix together thoroughly the various ingre- 
dients of potting soil as follows: 
2 parts good garden loam. 
2 parts leaf mold. 
2 parts rotted manure. 
2 parts sand. 

Sift through a quarter-inch mesh screen to remove stones, 
roots, etc., and to break up the lumps. Good potting soil must 
be rich, yet open and retentive. The formula given will make 
a good potting soil for general use. For ferns it is desirable to 
use more leaf mold or thoroughly rotted wood. Where neither 
leaf mold or rotted wood can be obtained, rotted sod and sand 
will do fairly well. For roses the soil should consist largely of 
clay, and the leaf mold and sand should be left out. In select- 
ing the manure, that which is well rotted is preferred, and general- 
ly cow manure is most desirable; but well rotted horse manure 
is excellent and some florists prefer sheep manure. 

Standard pots are made in the same style by the various pot- 
teries in this country. The sizes are designated by their inside 
diameter measure, which is the same as their depth. 

38 
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POTTING OF CUTTINGS. 

Of the cuttings which were put in the cutting bench in Lesson 
E, the larger part should be rooted in three weeks' time and this 
exercise is to complete the work then begun. The cuttings should 



Tig. 16. Saocklor a plant out of pot and repottins Into a largec pot. 

have good roots before they are potted, but they should not be 
allowed to grow a long time in the cutting bench, as roots pro- 
duced under such conditions are not of the best. 

Ezerciie 20. The material needed and method of operating 
is the same as above. Any cuttings that are not well rooted and 
are still fresh should be put back into the sand. 



VIABILITY OF SEEDS. 

A clear idea of the amount of good seed contained in tliat 
sown is most desirable. For no matter how much seed is used, 
only that which grows is of any value, and the rest as far as the 
crop is concerned, is only so much dirt. 



FIe. 71- Seed teitlng pan with ge cm inalln^ seeds— tbe coTer clolh tollei to one Bide. 

Material needed. One or more germinating pans; two 
pieces of cotton flannel for each pan; glass to cover germinating 
pans ; small paper labels and record blank ; seeds of various kinds 
mentioned. 

Exeicise 21. Count out roo each of the following seeds: 
(a) Carrot, (b) salsify, (c) onion, (d) pigeon grass, (e) red 
41 
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clover, (f) timothy, (g) parsnip. Wet the cloths, allowing them 
to get thoroughly soaked, and wring out the surplus water. 
Spread one cloth in the bottom of the pan, wooly side down, draw 
cloth together into seven folds, between which the seeds may be 
sown. When seeds are in, cover with the other cloth woolly side 
up, cover with glass and set away in a warm place, as in a green- 
house or living room. 

Exercise 22. In second pan sow in the same way, and treat 
the same, 50 seeds each of (a) corn taken from the crib, (b) corn 
properly cured, (c) 100 fruits of beet, and (d) 100 radish seeds. 

The pans should be kept moist and examined once in two 
days, and all seeds that have made a good start should be removed 
and a record made of them in the note book. When all have 
germinated that will, count those remaining and state whether 
they appear rotten or simply dormant. 

The following table shows the viability of good merchantable 



Kind of Seed 



Alfalfa 

Asparagus 

Barley 

Beans 

Beet 

Blue fcraHS, Canadian . 
Bine grass, Kentucky. 

Brome. awnless 

Buckwheat 

Cabbage 

Carrot 

Cauliflower 

Celery 

Clover, alslke 

Clover, crimson 

Clover, red 

Clover, white 

Corn, field 

Corn, sweet 

Cucumber 

Eggplant 

Fescue, meadow 

"Lettuce 

Kafir corn 







p. c 
98 
99 
99 
99 
99 
90 
90 
90 
99 
99 
96 
99 
98 
95 
98 
98 
95 
99 
99 
99 
99 
95 
99 
98 



Germi- 
nation 



p.c. 
85-90 
75-80 
90-95 
90-95 
100-150t 
45-50 
45 50 
70-75 
90-95 
90-95 
80-85 
80-85 
60-65 
75-80 
80-85 
86-90 
75-80 
90-99 
85-90 
85-90 
75-80 
85-90 
85-90 
85-90 



Kind of Seed 



Melon, musk 

Melon, water 

Millet, com. Chaetochloa italica 
Millet, hog Panicum miliaceum 

Millet, pearl 

Oats 

Okra 

Onion 

Parsley 

Parsnip 

Peas, 

Pumpkin 

Radish 

Rape 

Rye 

Salsify 

Sorghum 

Spinach 

Squash 

Timothy 

Tomato 

Turnip 

Tobftcco 

Wheat 



PL) 



p. c. 
99 
99 
98 
99 
99 
99 
99 
99 
99 
95 
99 
99 
99 
99 
99 
98 
98 
99 
99 
98 
98 
99 
98 
99 



Germi- 
nation 



p. c. 
85-90 
80-85 
85-90 
85-90 
86-90 
90-95 
80-85 
75-80 
70-75 
70-75 
90-95 
85-90 
90-96 
85-!'0 
90-95 
76-80 
85-90 
75-80 
85-90 
85-90 
85-90 
90-95 
75-80 
90-95 



* Impurity allowed refers to inert matter and one per cent (only) of weed seeds other 
than those practically prohibited, as above noted. 

t Each beet fruit, or "ball," is likely to contain from 2 to 7 seeds. One hundred balls 
should yield 150 sprouts. 



seed as determined by the Department of Agriculture, but Dr. A. 
J. Peters, the botanist in charge of the seed laboratory, adds: The 
quality of seed depends so much upon the season in which it is 
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raised that it is scarcely possible to say that under all circumstances 
good seed should germinate so and so much. 

Nawe^ 



Date 



Record of Viability Test of Seeds. 



190 



KIND OP SEED 


Per Cent 
Germinated 
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Fig-. 28 Blank used for recording' viability. 

The seed must be true to name, and practically free from 
smut, bunt, ergot, insects or their eggs or larvse, and the seeds of 
dodder (Cuscuta spp.), wild mustard (Brassica spp.), wild flax 



44 GREENHOUSE LABORATORY WORK. 

(Camelina spp,), Russian thistle {Salsola kali tragus), Canada 
thistle (Carduus arvensis), ccx:kle (Agrostemma githago), chess 
(Bromus secalinus), q^ack grass (Agropyron re pens), penny 
cress (Thlaspi arvense), wild oat (Avena fatua), and the bulUets 
of wild onion (Allium vineale). It must not contain more than 
one per cent of other weed seeds, and should come up to the per- 
centages of purity^ and germination given in the table. 



REGERMINATION OF SEEDS. 



Seeds of many kinds have the power of germinating more 
than once. This power is of much assistance to plants in over- 
coming adverse conditions. 





Second germination. First germinatioa. 

Fig-. 29. Reg-ermination of Wheat. 

Material needed. The same as above. 

Exercise 23. Germinate 200 grains of wheat in a germinat- 
ing cup as in exercise 21 ; when the sprouts are about one inch 
long take one-half of them out of the germinator and put in the 
drawer of the laboratory where they will be perfectly dry and al- 
low them to remain for one week, by which time the sprouts will 
be so brittle tha^t they can be easily rubbed off. The seed should 
then be sowed in the germinating cup as before and the vigor and 
size of the sprouts noted. The second germination often starts 
very much quicker than the first. 

1 This means purity of grain, not purity of stock. 



PURITY TEST OF SEEDS. 

An acquaintance with the seeds of weeds may often prevent 
the sowing: of them. It is well known that practically all the bad 
weeds of this section are of European origin, and they have been 
distributed through this country by becoming mixed with grass, 
flax and other seeds, and have been planted unknowingly by farm- 
ers, who have since suffered. 



Material needed. Record blanks and hand lenses ; clover, 
grass and weed seeds with which to make suitable mixtures; a 
named collection of the seeds of our principal weeds. Fig. 30. A 
collection numbering about twenty-five species can be made to 
include about all that is necessary for this exercise. These should 
be in a case in small bottles with screw caps, and correctly labeled 
with their common and botanical names. Several different sam- 
ples should be used in the class at one time. A small tin pan for 
45 
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holding the seed, and an angle trough for use in counting the seed. 
It is very desirable in winter to have pressed specimens of the dif- 
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Fiff. 31. Weed Beeda (BDlargBd i3). 

ferent weeds and plants used in the exercises, so that students 
may become more familiar with them. These should be mounted 
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and framed and hung in a conspicuous place in the laboratory. 
Exercise 24. Give out samples of clover, bluegrass or timo- 
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Fig-. 23,. Weed, Grass and Clover seeds (enlarged x 3). 

thy, etc., with known adulterations and require all seeds to be 
identified and described in note book, with enlarged drawings of 
the same. Determine the per cent of good and poor seed by 
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Name. 



Date. 



1 90,.. 



Record of Purity Test of Seeds. 



Sample Bottle No .. 

Per cent, of Pure Seed _ 



l,IST OF IMPUKIT1£8 FOUND 



(NJURIOUS 



INDIFFERENT 



INERT MATTER. Etc 



Fig. 33. Blank used for recording- parity test of seeds. 
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counting out too seeds just as they come, and then counting the 
respective kinds found in the sample. Fill out blanks furnished 
and return to instructor. 

The weed seeds and other adulterants found should be classi- 
fied as injurious seed, i. e., those of troublesome weeds, such as 
Russian Thistle, Canada Thistle, French Weed ; indifferent seeds, 
such as clover in a timothy sample, and other harmless adultera- 
tions ; and inert matter, such as chaff and other dirt. 



Tig. 34. Material! for examinallod Id parity lui of leedL 

When this exercise is completed give examination as fol- 
lows: In the class room give out to each student a bottle con- 
taining a small quantity of mixed grass and weed seeds and one 
envelope for each kind of seed in the mixture and require the 
seeds to be separated and put in envelopes with the name of the 
seed plainly marked on the outside. Of course no helps should be 
allowed in such work. 



LESSON L. 

PRICKING OUT. 
This lesson in transplanting shows the proper way to handle 
many small seedlings that it is not desn^d to pot off. Many small 
plants do just as well in a flat as if potted, anti they do not take 
up so much room as in pots, and the operation of transptanting 
in flats is quicker than potting. 



Ttg. 36. Pricking imt of «cdUagr plants. 

Material needed. Flat; dibber; smoothing board; potting 
soil and plants grown in Lesson B. 

Exercise 25. Transplant 63 plants of either Petunia or 
Golden Feather, setting the plants 7 in a row one way and 9 the 
other way of flat. To do this, the plants must be taken up with 
considerable soil. Take great care in separating them so as to 
preserve a good root system, and in setting them out be sure to 
get the root system fully as deep as it grew before. Use dibber 
to open holes and to firm the soil around roots when plant is in 
place. When finished the surface of the soil should be even and 
the rows of plants straight both ways. 
50 
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TREATMENT TO PREVENT POTATO SCAB. 

The disease known as potato scab may be largely prevented 
by planting clean seed and even diseased seed may be used, pro- 
vided it is treated as indicated in this lesson. When the seed 
and soil is free from the scab germs the crop will be free from 
scab. 

Material needed, y^ bushel of potatoes ; 2 sacKS ; two 30- 
gallon barrels; one ounce commercial corrosive sublimate in crys- 
tals ; 4 fluid ounces of 40 per cent formaline or formaldehyde. 

Exercise 26. Treatment with corrosive sublimate. Dissolve 
one ounce corrosive sublimate in hot water, in wooden or earthen 
vessel. When dissolved add water to make up to 7J4 gallons. 
Put potatoes into sack and submerge in the solution in the barrel. 
Let soak for i^^ hours. As this is a deadly poison, great care 
must be taken that none is taken internally. This strength is not 
at all harmful to the hands. 

Exercise 27. Treatment with formaline. Formaline is not 
as deadly a poison, hence is safer to use than corrosive sublimate. 
Pour the 4 ounces of formaline into 7J4 gallons of water ; follow 
directions as in exercise 26 as to time and method of treating 
potatoes. 
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BORDEAUX MIXTURE. 

As a general fungicide for fungous diseases on plants this is 
tile most useful. It is especially useful in preventing mildew of 
grapes, blight of potatoes, plum rot and pockets, apple scab, and 
other diseases. 

Material needed. Commercial copper sulfate or blue vit- 
riol; strong," fresh lime; one thirty gallon barrel; two fifteen gal- 
lon kegs; one cotton sack; two wooden or graniteware pails, and 
a saucer. 

Exercise 28. Make up twenty-five gallons of the mixture 
before the class, following the standard formula. 

Copper sulfate 5 pounds 

Fresh lime 5 pounds 

Water 50 gallons 

Put 2^ pounds of copper sulfate in the cotton sack and sus- 
pend in twelve gallons of water in one of the fifteen gallon kegs. 



Fif. 36. Maklne BordeaDs mixture. Pi>nTiaK milk of lime and copper ■ulphale 
Bolntlon to^elher. 

This allows the sulfate to dissolve faster Chan if the material is 
put at the bottom of the keg. Put 2j^ pounds of the lime into the 
other 15 gallon keg, just cover with water at first, and allow it 
to slack. Add water when necessary to keep it from burning 
while slacking. When slacked, add water to make twelve gallons, 
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This is termed milk of lime. Just before using, the sulfate and 
milk of lime are poured together into the barrel, as shown in fig- 
ure 36. Keep the mixture well stirred. The mixture, when prop- 
erly made, should be of a sky-blue color and have an excess of 
lime. Before using, one of the following tests should be made, ■ 
to be sure that there is an excess of lime; when there is not 
enough lime present, the copper sulfate is apt to burn the foliage 
on which it is sprayed, ist test. Put a little of the mixture in- 
to a saucer and, holding it between the eyes and the light, blow 
into it gently for half a minute. If properly made a thin pellicle 




Tlg.yi. TeMin? Bordeaux mixture. The saucer or plale metbod. 
Fl^. 3S. Imprnpcrly and properly made Bocdeaai mixtare after atandiDr ooe tionr. 
The properly made mlnnre hi! Jngt begun to lettle. After D. S. Department of 

of carbonate of lime will form on the surface, caused by the 
chemical action between the lime and carbonic acid in the breath', 
thus showing that there is an excess of lime and it is safe to use. 
2nd test. Hold a clean knife blade in the mixture for at least half 
a minute. If a copper deposit appears on the blade, it shows that 
there is an excess of copper sulfate, and it is dangerous to use 
unless more lime is added. 
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SPRAY PUMPS. 

Spray pumps are now largely used to distribute insecticides 
and fungicides. There are many kinds offered by dealers, some of 
the best should be in the hands of every cultivator of the soil. 

Material needed. Some of the best spray pumps, with 
their attachments, including knapsack sprayers and several kinds 
of ^pray nozzles. 

Exercise 29. By pumping water illustrate that spraying is 
quite different from sprinkling and it is better and more econom- 
ical of the material. Show attachments for spraying under the 
foliage, and also for raising the nozzles to the tops of trees by 
small iron pipes or by means of bamboo poles. 
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PACKING NURSERY STOCK. 

This refers to the packing of live or dormant plants for trans- 
portation. Care has to be taken that they do not dry out, become 
broken or suffer from heat or frost. To save expense, cheap, 
light packing materials must be used. Some of the common 
methods are : 

Packing growing plants to go by mail. 

Packing growing plants in basket or light box to go by ex- 
press. 

Packing bale of dormant plants to go by express or freight. 

Box packing of nursery stock. 

EzerciM SO, Packing of growing plants to go by mail. 



F\g. 39. SocceHlTc stagee li 



Material needed. Sphagnum moss: i. e., florists moss; 
oiled or paraffine paper, heavy express paper; stout twine; tree 
and pot labels ; shipping tags ; strawberry or other growing plants. 
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Conditions necessary for success: Plants must have soil 
washed off roots and as little packing about them as possible, to 
save postage; they must be moist, but not wet, and outside of 
package must be dry, or it will be thrown out of the mail. The 
rate of postage on seeds or nursery stock is eight cents per pound. 




. " ~ • 

s ^ 

1 =^__ _==^=^ ^ 

*" SSSSSSSSSSSS^mSSSSt PROM iSSmSSmSSSmmmmSSimSlk ^ 

The Greenhouse Laboratory, ^ 

s DIVISION OF HORTICULTURE, ^ 

i School or Agriculture, University of Minnesota. O) 
^ St. Anthony Park, IMInn. qi 

Packed by 

Fig. 40. Shipping- tag. 



Method. Select a number of plants so as not to exceed four 
pounds, the legal limit of weight of a mail package. Straighten 
out their roots and lay them in a close pile, with the roots togeth- 
er, putting a very little moss among them if the plants. make a 
bundle more than three inches in diameter. Cover the roots on 
the outside of the bundle with one-half inch of sphagnum moss, and 
tie it on with string; next cover bundle with oiled paper, turning 
it carefully around both ends ; then cover over all with manilla pa- 
per and tie securely. Write address on covering and also on a 
shipping tag. Put stamps on back of tag. 

After package is made up, it should be put away in the locker 
to remain for one week, when it should be taken out and examined 
and condition of contents noted. If work was well done, it will 
be in good condition. 

Exercise 31. Basket package to go by express containing 
growing plants, and weighing not over twenty pounds. 
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Material needed. Cabbage or strawberry plants and 
potted plants ; Sphagnum moss ; newspaper or other cheap paper ; 
light weight split wood basket ; strong twine. Light boxes may 
also serve the same purpose. 

Method. If the plants to be packed are loose plants, such 
as those of cabbage and strawberry, they should be tied together 
in bundles four to six inches in diameter, with a little wet moss 
in the middle of each bundle. If they are in pots, water freely, 
and when the surplus water has drained off, knock out of the pots 



and roll each ball up separately -in paper. Select a basket or box 
of proper size and deep enough to protect the tops of the plants, 
and leave the handle free. Place a layer of moss one inch thick 
in the bottom and then place the bundles or single potted plants 
uprightly close together in the basket until it is filled. Pack moss 
in between plants and the side of the basket. In the case of cab- 
bage or strawberry plants, cover the top of the basket with burlap, 
well sewed or tied on. In the case of tall potted plants, draw the 
tops of the plants together and cover around sides with burlap, 
leaving the tops out in warm weather, but when sending tender 
plants in cold weather, it would be necessary to cover the whole 
of the tops of plants, in which case a box is a better package. 
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Ezeroiae 32. Bale package to go by freight or express.- This 
is adapted to sending dormant plants, such as apple, plum, elm and 
other trees, currant and raspberry bushes, and shrubs and trees 
generally. When properly packed, such nursery stock should keep 
well for two or more weeks in cold weather. 

Material needed. Burlap or other cloth or matting ; strong 



rope yam or binding twine ; moist straw or chaff or shavings ; a 
tub to hold mud for puddling the roots before packing. The mud 



r\g. 43. Tress and ihrnb* tied utgethtc readj to be wrapped vitb bnrlap. 

for this should be made of clay and water, and thin enough to- 
barely run. Twelve apple trees, twelve currants, twelve raspber- 
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ries, two eight-foot street trees and six grape vines ; shipping tags ; 
labels. 

Method. Tie each variety of plants in a small bundle by 
itself, and label each with its correct name. Then dip roots of 
each bundle in the rnud until the roots are covered ; tie all together 
in one big bundle, putting the roots all together and tying tightly. 



Select a piece of burlap big enough to cover the bundle, and lay 
it spread open on the floor; on this put three inches of a mixture 
of coarse wet chaif or moss or sawdust where roots are to come, 
and then lay on bundle; draw cloth over, put in packing where 
needed, so as to make a three-inch covering of packing over all 
the roots; Sew together firmly about and under the roots, and 
close about top with bagging twine. Write two shipping tags 
plainly with name and address of purchaser, and tie on different 
parts of bundle. 

Exercise 33. Box packing for cold weather. This method 
is especially adapted to sending trees and plants in frosty weather, 
but is an excellent method for any season of the year. 

Material needed. Wooden box large enough to hold the 
stock ; heavy soft paper similar to carpet paper ; quite dry moss and 
excelsior; twelve apple, six plum trees, twenty-four currants; six 
raspberries; twenty-four blackberries; twenty- four gooseberries; 
one hundred strawberries; twelve dormant roses; fifty coleus; 
fifty verbenas ; twenty cannas ; forty geraniums and one palm two 
foot high. 

Method. Tie the apples, plums, raspberries, currants, black- 
berries, gooseberries and strawberries in bundles and dip in the 
mud described under exercise 32. Allow the mud to dry off a lit- 
tle; knock the coleus, geraniums and verbenas out of the pots 
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they are in, and wrap the ball of earth of each plant with paper to 
hold it together. Wrap the cannas and palm likewise in paper. 

Line the box with paper thoroughly and cover the bottom of 
the box with three inches of moist chaff. Place the bundles of 
apple and plum trees and fruit plants in the bottom, making a 
smooth and compact job. Nail a few one inch boards across the 
box inside to hold the trees and fruit plants in place ; cover with 
about two inches of hay or broken straw. Lay in the coleus, 
verbenas and other plants evenly, so that the box will be full after 
two inches of hay and the paper is on. If not full when all are 
in, put in enough hay or other dunnage to make the plants solid 
when cover is on. Cover with hay and paper and nail cover on 
tightly. Packed in this way even very tender plants will keep well 
for two weeks or more in cool weather. The most danger is from 
heating, but if the plants and the packing are only moist, not wet, 
there is very little danger from this. 



LESSON Q. 

USE OF GARDEN SEED DRILLS AND HAND CULTIVA- 
TORS. 

Material needed. Box of soil, or portion of greenhouse 
bed or floor, which is covered with at least eight inches of good 
garden soil ; one or more of the best drills and garden cultivators, 
with a full set of attachments ; one hundred willow or other cut- 
tings, to take the place of plants in the exercises ; wheat, or other 
medium sized seed. 



Fir. *^ Laboratory fitted nitli at 



ExeroiM 34. Plant out two rows of cuttings of any kind 
that will take the place of plants, and allow them to stick up four 
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inches above ground. Each student is to work seed drill, regu- 
late flow of seed, and arrange cultivators as follows : 

To open furrows. 

To close furrows. 

To cut weeds from both sides of the row at one operation. 

To cut weeds from one side of each of two rows at one 
operation. 

To loosen the soil between the rows for a dust blanket. 



HEELING IN. 

Heeling in is a term that denotes a common method of car- 
ing for nursery stock after it has been dug and before it is planted 
out. Serious losses of trees and plants often occur for lack of 
knowledge of this simple matter. 

Material needed, Apple trees; plum trees; currants; 
gooseberries ; raspberries ; strawberries ; spade. 

Ezeroise 35. (i) Dig trench six feet long, twelve inches 
deep and wide, place one row apple roots in it, in upright posi- 
tion ; cover roots firmly with earth ; place in another row of trees, 
and repeat with apple and plums, until all are covered. Then in 
front of trees heel in small fruit shrubs, and in front of these put 
in strawberries. 



Tig. *6. BeellDgOn trees fat winter. 

(2) Heel in the same material in the same way, except 
place them in a slanting position as shown in figure 46. When all 
are in, bend tops of trees and shrubs to the ground and cover with 
six inches of soil. Put a stake at each end of the rows of straw- 
berries, and cover them likewise with six inches of earth. This 
method of heeling in is best for plants that must be kept over 
winter. It is a good plan to cover with four inches of mulch in 
addition to soil, 
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PLANTING OUT. 



« 



(( 



t( 



t( 



(t 



This lesson comprises illustrations of the following subjects: 
Transplanting strawberry plants. 

suckering raspberry plants (sets), 
apple root grafts, 
forest tree seedlings, 
apple tree, 
street tree. 
Planting willow cuttings. 

Material needed. A small plat of garden soil as in lesson 
Strawberry plants; suckering raspberries; apple seedlings; 
large apple tree ; street tree ; willow cuttings ; spade, rake ; line, etc. 
General directions. Set trees or plants at the same depth 
at which they formerly grew, or a very little deeper. Always 
firm the soil about the roots, or, in tlie case of cuttings, about the 
part below ground. 



Q- 




Fig". 47. Successive steps in planting young* evergreen or other very small seedlings. 
(a) Board in place and trench partly opened, (b) Seedlings in place and partly cov- 
ered, (c) New trench with seedlings in place at (d) . 

Exercise 36. Twenty-five strawberry plants should be set 
out by each student. In doing this, much care should be taken to 
spread the roots and to set the crown of the plants at the same 
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depth that they grew in the soil. If rcMDts are very long, they 
should be shortened to five inches. 

Exercise 37. Transplant ten suckering raspberry sets, set- 
ting them in a trench made like a furrow. Shorten tops to ten 
inches. 







Tig. 48. Position in the toil of wiUow cattines when properly set. 

Exercise 88. Plant out ten apple root grafts, setting them 
with the upper bud of the cion just at the surface of the ground. 
Use spade or dibber in planting them. Be especially sure that 
the soil is packed firmly about the root and union. 

Exercise 89. Plant out the forest tree seedings, preferably 



Tig. 49. Elm street tree pruned to a bare pole when planted out. The best method. 

small conifers, setting them six inches apart in rows eight inches 
apart, using for this purpose a board, as shown in figure 47. 
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Plant one apple tree of ordinary planting out 
size, after removing any cut or broken roots. The top soil should 
be put in a pile separate from the subsoil, so that in filling in again 
the top soil should be put around the roots. 

EzeroiM 41. Plant out fifty 12-inch willow cuttings. First 
cut along the line with a spade where the cuttings are to be set, 
and then push the cuttings into the ground at an angle of 45 de- 
grees, as in iigure 48, and leave only one inch sticking out above 
the surface soil. 



« Qt* jears trom planting;. It n 



Exercise 42. The soil in the bed should be increased to at 
least thirty inches in one portion, and when hole in made plant out 
one two-inch elm street tree, after first removing broken roots and 
all the branches, leaving it as a bare pole, as shown in Figure 49. 
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LESSON T. 



PRUNING. 



The subject of pruning is of much importance and rather a 
difficult one for the beginner. We here illustrate only a few of 
the more important principles. 




Fiff. 51. Showinff the proper place to make the cut, in prnnitig'. A wound ma^e on the 
dotted line A->fi will be promptly healed 



not. 



One made on the line C— D or £-F will 
In fisrnre 58, the lower branch was cut off too far from the trunk. (After Goff.) 



Material needed. Street trees two inches in diameter. 
(If the trees are a little brushy, so much the better will they illus- 
trate the subject.) A sharp knife; a pair of pruning shears and 




Tig. 52. Showing' how to make the cut in pruning large branches. The upper cut, all 
made from above, permits the branch to split down. The left cut, first made pairtly 
from below, prevents splitting down. (After Goff.) 

a fine saw ; grafting wax, or white lead for covering the wounds. 
Specimens should also be at hand showing how the wounds of 
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plants heal over ; the effect of poor pruning in allowing rot to get 
started in the trunks, etc. 

Exercise 43. If the work must be done indoors, each stu- 
dent should prune at least one apple tree, and two or three street 
trees should be pruned by members of the class before the class. 




Fig. 53. Prttuinir to aa ontside or inside bad Cat as in the fiipare, the uppermost bnd 
woaid form a shoot that tends to vertical. Cut on the dotted line, the uppermost bnd 
would form a shoot tending to the horizontal. ( After Goff . ) 

The wounds should be covered with grafting wax or white lead 
paint; call attention to the various ways in which the buds point 
and the effect of their position on the branches that come from 
them; the proper place to cut off branches and the way to do it 
to prevent the bark splitting down. These points are illustrated 
in figures Si, 52 and 53. Make a special point of covering most 
carefully the fresh wounds on apple wood more than one year 
old, as apple wood more than one year old is often hurt by prun- 
ing, while young wood is seldom so injured. 

This subject should always include observations on the ef- 
fect of pruning on near-by trees, as regards its effect on form, and 
the healing over of wounds. In the trimming back of the plants 
used for budding, there are numerous minor observations that can 
be made as to effect of pruning on growing plants. 



METHODS OF WINTER PROTECTION. 

In this climate trees and plants often require extra protection 
to enable them to do well. Many methods are used, but those 
here given illustrate the forms in common use. 

Material needed. Apple trees of ordinary transplanting 



Slg.Si. Apple trees protsctcd from inn mcald bj tying corn 



size ; Spade ; cornstalks ; hay rope ; heavy paper ; wooden box ; lath 
screen ; wire screen ; whitewash ; Paris green and soft soap. 

Ezeroiu 44. Protection from winter killing. Plant apple 

tree and raspberry and currant bushes, and protect by laying flat 

on the ground and covering with six inches of soil. This method 

is adapted to small fruit plantations and to small trees, and is es- 
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pecially useful for protecting apple and plum trees planted in au- 
tumn. 









r\g. 55. Fig. 56 

Fiif 55. Earth banked around a fruit tree for winter. 
Fisf. 56. Wooden box around tree trunk to protect from sun scald. 
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Fig. 57. Fig. 58. 

Fig. 57. I^ath frame around tree trunk to protect from sun scald. 
Fig. 58. Tree protected bj tying hay around trunk. 

Exercise 46. Protection from sunscald. Protect trunk of 
planted apple tree with (a) cons talks tied on the southwest side, 
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(b) hay rope wound around tree trunk, (c) lath screen, (d) with 
wooden box filled with soil. 

Exercise 46. Protection from mice. Protect trunk of ap- 
ple tree from mice by banking up to the height of i6 inches with 
earth ; also by wire netting put around trunk. Note also that the 
wooden box put on to protect from sunscald will protect from 
mice and rabbit injury. 

Exercise 47. Protection from rabbits. Spray trees with 
lime or cement wash containing Paris green. Paint trunks witli 
soft soap paint. 
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DEFINITIONS. 

Flat. — ^A shallow box used for various purposes as growing 
plants and for transplanting plants. For our work it is 14x17 
inches and 3 inches deep. 

Dibber. — ^A small wooden pin used for transplanting. The 
size and shape depends on the kind of holes to be made. 

Screen. — ^A box made like a flat, but the bottom covered 
with wire netting. Three sizes are furnished, 'one with J^-inch 
mesh, one with J^'^^ch mesh and one with J^-inch mesh. 

Raphia. — Tying material for budding, etc. Product of the 
palm, Raphia ruSia from the tropics. 

Puddling. — The operation of covering the roots of nursery 
stock with mud to enable them to withstand the changes incident 
to packing and removal. 

Labels. — Pot labels refers to those without wire and intend- 
ed to be pushed into the soil. Tree or swing labels are those 
pierced or notched and held in place on a tree by a small copper 
or iron wire. 

Cambium. — The row of cells of new growing tissue between 
the bark and the wood. 

Callus. — ^The first growth made by plants in healing over of 
their wounds. 
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GROWING SWINE OF VARIOUS BREEDS AND CROSSES. 



THOMAS SHAW. 



This bulletin gives the results from two experiments in 

growing swine of various breeds and crosses. The second of 

these is virtually a repetition of the first, with the difference 

that the blood elements used in the second experiment were 

not in all instances identical with' those used in the first, owing 

to the difficulty found in securing animals possessed of blood 
elements precisely the same. 

Section No. i. 

General Plan of the Experiment. — The general plan of 
the experiment was to take swine of certain breeds, 
grades and crosses, at birth, and to rear them chief- 
ly on their dams until weaned at a uniform age. The 
dams were to be fed on the same kinds of food during the 
nursing period. The pigs were then to be fed in lots on the 
same kinds of food during successive periods, and finally 
slaughtered at the station for the purpose of making the nec- 
essary comparisons. 

Time Covered by the Experiment. — It would be correct 
to say that the experiment began with the birth of the pigs. 
It was conducted in the year 1899. But the exact time cov- 
ered by the experiment proper, and the various periods em- 
braced in the same, are given in the table now submitted: 

TABLE I.— Dates Belatintr to the Experiment Proper. 





First 


Second 


Third 


Fourth 


Experiment 




Period 


Period 


Period 


Period 






Began 


Began 


Began 


Began 


Closed 


Lot 1 


June 19 


July 17 


Aug. 14 


Sept. 25 


Oct. 23 


Lot 2 


June 22 


July 20 


Aug. 17 


Sept. 28 


Oct. 26 


Lot 8 


July 10 


Aug. 7 


Sept. 4 


Oct. 16 


Nov. 18 


Lot 4 


July 31 


Aug. 28 


Sept. 25 


Nov. 6 


Dec. 4 


Lot 6 


Aug. 1 


Aug. 29 


Sept. 26 


Nov. 7 


Dec. 5 


Lot 6 


Aug. 3 


Aug. 31 


Sept. 28 


Nov. 9 


Dec. 7 


Lot 7. 


Aug. 12 


Sept. 9 


Oct. 7 


Nov. 18 


Dec. 16 


Lot 8 


Aug. 18 


Sept. 16 


Oct. 13 


Not. 24 


Dec. 22 
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It will be noticed that the dates vary considerably when 
the different lots entered the experiment proper. Between 
lots I and 8 the difference is virtually two months. This is 
so far against the experiment, since it necessitated feeding 
them, or some of them, under different conditions as to temp- 
erature. But under the circumstances it was not found prac- 
ticable to arrange otherwise. 

Objects of the Experiment. — Chief among the objects 
sought in the experiment were the following: 



Figure BS, Lot 1, 1899. Pun Poland Chinas— Not Com Fed. 

I. — To determine the relative capacity of swine of certain 
breeds and crosses to make increase under similar conditions 
as to food and treatment. 2. — To determine the relative cost 
of producing pork from swine of certain breeds and crosses 
when fed on a diet essentially nitrogenous in character during 
the growing period. And, 3. — To determine the relative cost 
of producing pork fed thus as compared with pork fed essen- 
tially on a com diet. 
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The Ammals Fed. — The following are the breeds and 
crosses used in the experiment : 

Lot I. Pure Poland Chinas. 

Lot 2. Tamworth Poland China cross. 

Lot 3. Second cross Large Improved Yorkshire on Berk- 
shire. 

Lot 4. Third cross Large Improved Yorkshire on Berk- 
shire. 

Lot 5. Pure Poland China (corn fed). 

Lot 6. Large Improved Yorkshire Poland China cross. 

Lot 7. Pure Tamworths. 

Lot 8, Pure Large Improved Yorkshires. 



Figure eo, Lot B. 1899. Pure Poland Chinas— Corn Pcd. 

The Poland Chinas were the off-spring of dams that were 
reared in the corn belt and which were purposely purchased 
to rear pigs for the experiment. They were registered sows 
in the meridian of vigor, as indeed were all the dams used in 
the experiment. They were compact and smooth in outline 
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and were easily kept in a good condition as to flesh. The 
Tamworth, Poland China and Large Improved Yorkshire 
Poland China crosses were obtained from Poland China dams 
similiar to those above described and from a pure Tamworth 
and pure Large Improved Yorkshire sire respectively. The 
second cross or grade of Yorkshire on Berkshire was from a 
dam the progeny of a Large Improved Yorkshire sire and a 
dam essentially Berkshire, but not registered. The third cross 
of Yorkshire on Berkshire was of breeding similar in kind, 
but one remove further from the original Berkshire dam. 



Figure 61, Lot S, 1899. Pure Poland ChinaB— Com Ped. 

Conditions Governing the Experiment.— The pigs were 
divided into lots of three each, except in lot 2, in which were 
only two animals. These were all that survived out of a litter 
of three produced by the dam. In no case did the litters of 
Poland China dams exceed seven animals. They were fed 
inside and in apartments practically similar and side by side. 
These apartments were 8x12 feet in area and to each a small 
yard was attached, to which they had free access. They were 
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also allowed to exercise frequently outside of the yards, but 
in close proximity to them, when the weather was favorable. 
At no time did the pigs have access to pastures, nor did the 
dams have access to the same during the nursing period. The 
pigs in each lot were 70 days or 10 weeks old when the experi- 
ment proper began, and 196 days, or 28 weeks old when it 
closed. 

The experiment proper was divided into four periods. 
The first, second and fourth periods covered four weeks each, 
and the third period six weeks. It was the intention to close 
the experiment at the end of the third period, but since the pigs 



mgunez, Lot 2. 1S99. Tamwortb Poland China Croaa. 

had not made the desired gains, for reasons to be given below , 
the fourth period was added. 

Food and Feeding. — During the nursing period the sows 
were all fed food practically the same in kind, and up to their 
capacity to take the food after the first few days subsequent 
to the farrowing. The food consisted of shorts, ground corn 
and ground oats in the proportions of 2, I and i parts respec- 
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tively. Oilcake was added in quantities varying from 2 to 5 
or 6 per cent of the meal fed. 

During the first period of the experiment proper, the pigs 
were fed three pounds each of skim milk per day, and in 
addition, shorts 3 parts and com i part. During the second 
period they were given shorts 2 parts, corn i part and barley 
I part, except Lot 5, which were fed corn alone not only in the 
second period but also in the third and fourth periods. Dur- 
ing the third and fourth periods they were fed corn and bar- 
ley equal parts. The proportions of the meal fed in all 
instances relate to weight. The grain was all ground. It was 



Figure 63. Lot 8, 1«99. Second CroiB Lorge Improved Vorkahirc on Berksbire, 

soaked for 12 hours while the weather was warm and on the 
arrival of cold weather it was steamed. They were given 
virtually what they would eat up clean with a relish. 

Green food was also fed to them when in season, such as 
rape, corn and mangels. Of this they consumed about 2 
pounds each per day. It was noticed that they consumed 
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much more rape when the plants were tender and succulent 
than when they became more stalky, as they did in periods of 
prolonged dry and hot weather. Subsequently to October 
27th, the green food consisted of mangels, which were grad- 
ually increased to the limit of 8 pounds per animal per week. 

Estimated Value of the Food, — ^The values put upon the 
various items of the food fed were the average market values 
of the same in the state. Of course these differ so much in 
various parts of the. state, owing to location and a difference 
in the distance from the more important marketing centers. 
But the estimate was made with much care and is at least a 
close approximation to the truth. These market values are as 
follows : 

Shorts $10.00 per ton. 

Corn 22 per bushel. 

Barley 30 per bushel. 

Field Roots 05 per bushel of 50 lbs. 

Skim Milk 15 per 100 lbs. 

Green Food i.oo per ton. 

An allowance was made of 5 cents per hundred pounds 
for grinding the corn and barley, and this is added to the 
value of these grains when computing the cost of the food 
consumed. 

It will be proper to state here that in the tables which fol- 
low, wherever it is practicable, the figures are given on the 
unit basis; ' 

Table II gives the average amount of each kind of food 
consumed by one animal in each lot diiring the experiment, 
the totals of the same, and the average consumption of each 
kind by one animal in each of the respective lots. 

It will be noticed that the difference in the amounts of the 
respective kinds of food consumed by the swine of the various 
lots is considerable. This, however, is not all accounted for 
by a difference in capacity to consume these foods. For in- 
stance, the variations in the consumption of milk were to 
some extent caused by variations in the supply apd varia- 
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tions in the consumption of green food were caused in part 
by the difference in the kinds of food in season at the time of 
feeding. The Poland China, Lots i and 5, were the smallest 
consumers of meal and, as is shown below, they likewise made 
the least increase during the experiment. On the other hand, 
the second cross Yorkshires, the pigs in Lot 3, were the larg- 
est consumers of meal, and they likewise made the largest 
increase. 

TABLE II.— Food Consomed Durinflr the Experiment. 





Grain Coasamcd 




MUk 
lbs. 


Shorts 
lbs. 


Corn 
lbs. 


Barley 
lbs. 


Total 

Meal 

lbs. 



Lot 1 

Lot 2 , 

Lot a 

Lot 4, 

Lot 6 

Lot 6 

Lot 7 

Lot 3 

Total 

A.yrcr&ge 



73 


161 


144 


378 


84 


87 


192 


177 


466 


83 


lOS 


218 


176 


499 


72 


89 


169 


162 


410 


47 


47 
89 


361 
210 




398 
483 


44 
44 


184 


102 


191 


126 


418 


44 


81 


176 


162 


419 


53 


673 


1668 


1120 


3461 


471 


84.12 


208.60 


140 


432.62 


58.87 



Green 

Pood 

Iba. 



74 
80 
108 
142 
143 
146 
144 
161 



997 
124.62 



Food Consumed Daily. — The following were the average 
amounts of meal consumed daily during the entire experiment 
by each animal in the respective lots : 

Lot I 3.00 lbs. 

Lot 2 3.62 lbs. 

Lot 3 3.96 lbs. 

Lot 4 3.25 lbs. 

Lot 5 3. 16 lbs. 

Lot 6 3.83 lbs. 

Lot 7 3.32 lbs. 

Lot 8 3.33 lbs. 

Average 3.43 lbs. 

The average consumption of meal per day by the pigs of all 
the lots was 3.43 pounds. Of the whole ration slightly over 
70 per cent was meal; a little over 91-2 per cent was milk; 
and a little less than 20 1-2 per cent was green food. 
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Table III gives the average weights of the pigs in each 
lot when the experiment began and closed, and also the aver- 
age increase in weight during the experiment. 



TABLB III.— Weig-hta and Inorease. 



Lot 1 

Lot 2 

Lot 8 

Lot 4 

Lot 5 

Lot 6 

Lot 7 

Lot 8 

Total 

Average. 



Weights 

when 

Bxperiment 

Began 



Lb«. 



47 
56 
33 
46 
48 
44 
85 



363 
44.12 



Weights 

when 

Bxperiment 

Closed 



Lbs. 

182 
166 
187 
187 
180 
176 
161 
167 



1246 
165.62 



Total 
Increase 



Lbs. 

88 
118 
181 
104 

84 
128 
117 
122 



892 
111.60 



As a rule the pigs which made the most increase in weight 
during the experiment were those also which consumed the 
most food. This fact is significant and ought to be carefully 
pandered. The Poland Chinas in Lot i consumed 3.60 pounds 
of meal daily, and made a total gain of 88 pounds. The Pol- 
and Chinas in Lot 5, the lot fed essentially on a corn diet, con- 
sumed 3.16 pounds of meal daily and gained but 84 pounds, 
the lowest gains made, as was to be expected from such a diet. 
Third in order are the third cross Yorkshire-Berkshires in lot 
4, which consumed 3.25 pounds of meal per day and gained 

104 pounds. The second cross Yorkshire-Berkshires in lot 3 
which consumed 3.96 pounds of meal daily gained 131 pounds 

In other words, they were the largest consumers of food and, 

as previously intimated, made the greatest gains. 

Table IV gives the average increase in weight made by 

the pigs of the several lots during the different periods of 

the experiment. 
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litPeHod 

Lba. 
30 

2B 

29 

19 


3d Veriod 


ad Period 


*th Pjriod 


Tot*! 




37 


33' 
40 

li 

40 
40 
40 


Lbi. 
2B 

32 
34 

33 

28 


I-b.. 


















irSJ?:::::::.::::: 


128 












ISO 
23. 2B 


'Sl=. 


83.37 


SOB 




*'•"'"' 


111.60 



Flgare 64. I 



There is but little to note with reference to the gains made 
during the different periods of the experiment. They were, on 
the whole, fairly uniform. Biit they were lower than they 
ought to have been, and lower than they would have been, but 
for a disturbing influence which will now be explained. A car- 
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load of corn was purchased which had not been properly dried. 
It was a trifle soft, and soon after it was put into the bin it 
was observed that it was heating and that it had become more or 
less musty. It was at once spread on a floor and turned sev- 
eral times at intervals, but as the warm weather was approach- 
ing it did not properly harden. The feeding of this corn 
seemed to affect adversely the bloom of the pigs, and the same . 
was true of those nursed by the sows to which the corn was 
fed as well as to those to whom it was fed subsequently to 
weaning. 



Pisnre 65, Lot 6, 1899. Large Improved Yorkshire Poland China Cross. 

During 126 days of the experiment the average gain of 
the pigs in all the lots was only 1 1 1 pounds. These gains were 
relatively low, much lower than with the pigs in the corres- 
ponding experiment of the next year. The hair of the pigs 
in the several lots evidenced a tack of the highest form of 
'thrift, and their appetites had not all of that keenness that 
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could be desired. This disturbing element, however, would 
probably effect about equally all the lots except lot 5, fed 
essentially on a corn diet. It would be more adverse to them, 
since more of the corn relatively was fed to the pigs of that 
lot. Apart from this, it should not tend to unbalance the 
contparative results obtained from the experiment. 

Daily Average Increase.— A statement of the daily increase 
of the pigs in the several lots is now submitted. 

Lbs. 

Lot I. Pure Poland Chinas 70 

Lot 2. Tamworth Poland China Cross 94 

Lot 3. Second Cross Large Improved Yorkshire on 

Berkshire 1.04 

Lot. 4. Third Cross Large Improved Yorkshire on 

Berkshire 83 

Lot 5. Pure Poland China (corn fed) 67 

Lot 6. Large Improved Yorkshire Poland China Cross. 1.02 

Lot 7. Pure Tamworths '.93 

Lot 8. Pure Large Improved Yorkshires 97 

Average daily increase of the pigs in all the 
lotB 89 



Figure 6Q, Lot 6, 1S99. Large Impraved Varkahlre 
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The reasons for the relatively small gains made have 
already been given. 

Cost of Food Consumed, — ^Table V gives the average 
cost of each food factor fed to one animal of the respective lots, 
and also the cost of these taken together. 

TABLB V,— Oost of Food Oonsnmed. 



. 


Grain 


M'ilk 


Green Food 


Total 


Lot 1 


$2.06 
2.48 
2.68 
2.22 
1.79 
2.62 
2.20 
2.28 


$0.13 
.12 
.11 
.07 
.07 
.07 
.07 
.08 


$0.04 
.04 
.05 
.08 
.08 
.08 
.08 
.10 


$2.22 


Lot 2 


2.64 


Lot 3 


2.84 


Lot 4> 


2.37 


Lot 5 


1.94 


Lot 6 


2.77 


Lot 7 


2.35 


Lot 8 


2.46 






Total 


$18.82 
2.29 


$0.72 
.09 


$0.56 
.07 


$19.59 


Average 


2.45 







The relatively low cost of the green food is noticeable. It 
emphasizes the importance of trying to secure as large a con- 
sumption of the same as is practicable and judicious when grow- 
ing swine. Skim milk, at the price stated, viz: 15 cents per 
hundred pounds, is also certainly a cheap food when fed in 
combination with grain. 

TABLE VI.— Values and Profit. 





Value when 


Cost 


Total 


Value when 






Experiment 


of 




Experiment 


Profit 




Beg^an 


Food 


Cost 


Ended 




Lot 1 


$2.20 


$2.22 


$4.42 


$6.28 


$0.86 


Lot 2 


2.35 


2.64 


4.99 


6.60 


1.61 


Lot 3 


2.80 


2.84 


5.64 


7.48 


1.84 


Lot 4 


1.65 


2.87 


4.02 


5.48 


1.46 


Lot 5 


2.30 


1.94 


4.24 


5.20 


.96 


Lot 6 


2.40 


2.77 


5.17 


7.04 


1.87 


Lot 7 


2.20 


2.36 


4.55 


6.44 


1.89 


Lot 8 


1.75 


2.46 


4.21 


6.28 


2.07 


Total 


$17.66 


$19.59 


$37.24 


$49.80 


$12.56 


Average . 


2.20 


2.45 


4.65 


6.22 


1.57 



Values and Profit, — Table VI gives the average value 
of the pigs in each lot when the experiment began and ended, 
the cost of the food fed and the resulting profit. 

The pure Yorkshires gave the largest profit ; next came the 
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pure Tamworths, with the Yorkshire Poland China cross a 
close third. 

They were valued at 5 cents per pound live weight when 
the experiment began. This was considerably more than the 
market price per pound for finished aqimals. Swine at the 
weaning period ought to be worth more per pound live weight 
than when finished, owing first, to the cost of obtaining such 
material through the sustenance of the dam during the period 
of gestation, and second, to the possibilities of the future 
growth in such animals. They were sold at 4 cents per pound 
live weight, as further described below. 

Cost of Increase, — ^The average cost of making 100 
pounds of increase during the period covered by the experi- 
ment was as stated below : 

Lot I. Pure Poland Chinas $2.52 

Lot 2. Tamworth Poland China Cross '. 2.24 

Lot 3. Second Cross Large Improved Yorkshire on 

Berkshire 2. 17 

Lot 4. Third Cross Large Improved Yorkshire on 

Berkshire 2.28 

Lot 5. Pure Poland China (corn fed) 2.31 

Lot 6. Large Improved Yorkshire Poland China Cross . 2. 16 

Lot 7. Pure T-amworths 2.01 

Lot 8. Pure Large Improved Yorkshires 2.02 

Average of the 8 lots $2.21 

Notwithstanding the very moderate gains made by the 
swine in the various lots, the average cost of making 100 
pounds of increase was low indeed, only $2.21, while it sold, 
as will be shown below, for $4.00. Of course the items of 
labor and manure are not considered, but on the average farm 
these would probably off-set one another in ordinary pork 
making. 

In low cost of the increase made, which of coufse means 
cheap cost of production, the Tamworths stand first and the 
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Large Improved Yorkshires second, but the difference 
between them is so slight that they are practically equal. Next 
comes the Yorkshire Poland China cross, with the second 
cross Yorkshire on Berkshire almost practically the same. 
The Poland Chinas in both instances stand highest in the cost 
of production. In connection with this statement, the fact 
should not be overlooked that the Poland China dams were 
essentially pf the corn reared type. But the dams likewise of 
both the Tamworth and Poland China crosses were of the 
same type. 

Disposal of the Szvine, — The Swine were sold to the supply 
department of the School of Agriculture. The price paid, 
viz. : $4.00 per lOO pounds, was about the same as could have 
been obtained at the stock yards. The pigs were not slaugh- 
tered immediately at the close of the experiment, but this 
in no way interferes with the computation. 

FINANCIAL STATEMENT. 

Price received for the pigs when the experiment 

closed $142.80 

. Estimated value of pigs when experiment 

began $50.60 1 

Cost of Food 56.13 

Total Outlay 106.73 

Total net profit $ 36.07 

Net profit on one animal 1.57 

Observations. — i. The above statement includes the 23 
animals fed in the eight lots. 2. — It will be noticed that the 
food was estimated at the average market values in the state. 
Ordinarily these would be in excess of the cost of production, 
and therefofe in excess of the home values. 3. — The value of the 
manure should off-set the cost of labor, the cost of litter and 
th^ interest on th** money invested. 
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FIkhtc S. Lota 7 and 8. 18B9. 
ot 87, nboTC— Pnre Tamwonbs. Lot 8, below — I'nre Lnrge ImpTOTcd YoritBhtrtj. 

IMPORTANT FACTS SUMMARIZED. 
Values : — ' 

1. Estimated value per lOO pounds when the ex- 

periment began $5-00 

2. Value per loo pounds when the experiment 

closed 4-00 

3. Decrease in vahie per hundred pounds i.oo 

Average Weight when the Experiment Began: — 

Lbs. 

Lot I . Pure Poland Chinas 44 

Lot 2. Tamworth Poland China Cross 47 

Lot 3. Second Cross Large Improved Yorkshire on 

Berkshire 56 

Ix>t 4. Third Cross Large Improved Yorkshire on 

Berkshire 33 

Lot 5. Pure Poland China (corn fed) 46 

Lot 6. Large Improved Yorkshire Poland China 

Cross 48 

Lot 7. Pure Tamworth 44 

Lot 8. Pure Large Improved Yorkshire 35 

Average of the pigs in the dght lots .... 44 



! OF VARIOLS 



PlKnre 68. Lot 1, 190O, Pnn Tamw 

Average Increase in Weight : — 



Lot. 1. 
Lot 2. 
Lot 3. 

Lot 4- 

Lot 5. 
Lot 6. 

Lot 7. 
Lot 8. 



Pure Poland Chinas 

Tamworlh Poland China Cross 

Second Cross Large Improved Yorkshire c 



Berkshire . 



Third Cross Large Improved Yorkshire on 

Berkshire 104 

Pure Poland Chinas (corn fed) 84 

Large Improved Yorkshire Poland China 

Cross 1 28 

Pure Tamworth 117 

Pure Large Improved Yorkshire 122 

Average of the pigs in the eight lots. . . . iii^z 



90 GROWING SWINE OF VARIOUS BRBBO.'^ V I > I I i \ )) 

Average Cost of Making lOO Pounds of Increase : — 

Lot 7. Pure Tamworths $2.01 

Lot 8.. Pure Large Improved Yorkshire 2.02 

Lot 6. Large Improved Yorkshire Poland China 

Cross 2.16 

Lot 3. Second Cross /Large Improved Yorkshire on 

Berkshire 2.17 

Lot 2. Tamworth and Poland China Cross 2.24 

Lot 4. Third Cross Large Improved Yorkshire on 

Berkshire 2.28 

Lot 5. Pure Poland China (corn fed) ... 2.31 

Lot I. Pure Poland China 2.52 

Average of eight lots 2.21 

FroHts : — 

^- Aggregate net profit from feeding 23 pigs for 

126 days $36.07 

2. Average net profit from feeding one pig for 

the same period i.S7 
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©BOWING SWINE OF TAEIOUS BREEDS AND 

CROSSES. 

Section No. 2. 



THOMAS SHAW. 

This experiment was conducted substantially on the same 
lines as that described in the preceding section. There was, 
however, a difference in the blood elements used in some of 
the lots, although in the main they were the same. There 
was also a slight difference in the kinds of the green food fed. 

TIME COVERED BY THE EXPERIMENT. 

The time covered by the experiment virtually began, as in 
the former instance, with the birth of the pigs. But the exper- 
iment proper began when they were ten weeks old and ended 
when they were 28 weeks old. It was conducted in the year 
1900. Subsequently the pigs were slaughtered and the neces- 
sary comparisons made. 

TABLE VII.— Dates Belatingr to the Experiment Proper. 





First 


Second 


Third 


Fourth 


Experi- 




Period 


Period 


Period 


Period 


ment 




Begran 


Began 


Began 


Began 


Closed 


Lot 1 


June 4 


July 2 


July 30 


Sept. 10 


Oct. 8 


Lot 2 


June 13 


July 11 


Aug. 8 


Sept. 19 


Oct. 17 


Lot 3 


June 15 


July 13 


Aug. iO 


Sept. 21 


Oct. 19 


Lot 4, 


mfe 


July 17 


Aug. 14 


Sept. 25 


Oct. '23 


Lot 5 


July 24 


Aug. 21 


. Oct. 2 


Oct. 30 


Lot 6 


June SO 


July 28 


Aug. 25 


Oct. f 6 


Nov.: 3 


Lot 7.. 


July 31 


Aug. 28 


Sept. 25 


Nbv. ' 6 


Dec. 4 


Lot 8....... 


Aug. 20 


Sept. 17 


Oct. 15 


Nov. 26 


Dec. 24 



Table VII gives the exact periods covered by the experi- 
ment with the pigs in each lot, and' by those in all the lots* 

In this experiment there is even more diflference- in the 
season covered by the pigs in the various lots than in'that of the 
previous year. This was caused by some difficulty in getting 
all the dams to breed at the desired time. 
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Objects of the Experiment. — The objects of the experi- 
ment were the same as in that of the previous year. (See 
page 74). The slight difference in the blood elements used 
did not in any serious degree neutralize the value of the exper- 
iment 

The Animals Fed. — ^The .ftrfiowing are the breeds and 
crosses used in the experiment : 

Lot I. Pure Tamworths. 

Lot 2. Third cross Large Improved Yorkshire on Berk- 
shire. 

Lot 3. Large Improved Yorkshire Poland China cross. 

Lot 4. Tamworth Poland China cross. 

Lot 5. Pure Large Improved Yorkshires. 

Lot 6. Large Improved Yorkshire Poland China cross 
(Minnesota bred dam). 

Lot 7. Pure Poland Chinas. 

Lot 8. Large Improved Yorkshire Berkshire cross. 



-c Large ImptOTCd Yorkshire. 



In this experiment the second cross of the Improved York- 
shire on Berkshire is wanting, but it is replaced by the first 



GBOWING SWINK OF VARIOUS BREEDS AND CKOSSLS. 93 

cross of the same; nor is there any Poland China lot fed 
essentially on a com diet, as in the former. But there is a sec- 
ond lot of the Yorkshire Poland China cross, viz. : Lot 6, 
which were from a Minnesota grown dam, whereas the pigs in 
Lot 3 were from a dam reared in the heart of the corn belt, 
and essentially on a corn diet. These differences in the ma- 
terials used grew out of the difficulty attending the securing 
of materials precisely the same in blood lines where so many 
lots are being fed. In several instances, however, the blood 



Fignre 7o, Lots 1 and S. I'JOO. 
On I^ft— Pure Tamwotth. On Right— Purr Large Improved Yorkshire. 

lines were not only the same, but the animals in the experi- 
ment were from the same sire and dam as were those of the 
previous year. 

Conditions Governing the Experiment. — The conditions 
governing the experiment were also practically the same as in 
the experiment of the previous year (See page 76). The pigs 
of the various breeds and grades were divided into lots with 
three animals in each, except in the case of lot 3, that is to 
say, the pigs of the Large Improved Yorkshire Poland China 
cross, in which there were but two animals, owing to the 
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smallness of the litter produced. As in the previous experi- 
ment, the numbers of the sexes were chosen as uniformly as 
possible. The pigs were fed in the same pens as those of the 
previous year and had the same conditions for exercise. The 
dams were fed virtually on the same kinds of food during 
gestation and also during the nursing period, and the pigs 
were fed on the same kinds of food during the various periods 
of the experiment, except that in this experiment they were 
not given any skim milk, and there were some slight differ- 
ences in the kinds of green food used. Skim milk was not 
fed for the reason that it could not be obtained. The various 
periods of the experiment were also the same, and the swine 
were disposed of in a similar way. 

Food and Feeding. — For a detailed account of the way in 
which the dams were fed during the nursing period see page 
yjy and for the way in which the grain and meal were pre- 
pared and fed during the various periods of the experiment 
see page 78. The green food comprised peas and oats, rape 
and corn, as each was in season, and the aim was to feed these 
in that condition when each would be much relished by the 
swine. Roots were not fed prior to Nov. 15th. Rape was 
the principal green food used, and it was also the most satis- 
factory. 

Estimated Value of the Food. — The same basis of esti- 
mating the value of the" foods fed was adopted as in the prev- 
ious experiment, that is to say, they were valued at what may 
be considered average market prices in the state^ Thpse 

values are as follows: 

Shorts $12.00 per ton. 

Corn 28 per bushel. 

arley 33 per bushel. 

Oilcake 24.00 per ton. 

Green Food i.oo per ton. 

Roots .05 per bushel of 50 pounds. 

It will be noticed that the prices for shorts and grain are 

considerably dearer than those of the previous year. 
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Table VIII gives the amount of each kind of food con- 
sumed by each animal in all the lots during the experiment, 
the totals of the same, and the average consumption of each 
kind by one animal in each of the respective lots. 

TABLE VIIZ»->Food OonBomed Durinar the Experiment. 





Grain Consumed 


Green 




Shorts 


CoVn 


Barley 


; Total Meal 


Food 


lyOt 1 


77 


176 


162 


; 416 


262 


Lot 2 


86 


177 


164 


' 427 


262 


Lot 3 


106 


24B 


226 


677 


262 


Lot 4 


85 


206 


191 


482 


262 


Lot 5 


79 


181 


167 


, 427 


252 


Lot 6 


109 


220 


198 


' 627 


262 


Lot 7 


77 


198 


184 


464 


224 


Lot 8 


93 


243 


228 


664 


196 


Total 


711 


1642 


1520 


3873 


1932 


Average . 


88.88 


206.25 


190 


484.13 


241.60 



As in the previous experiment, there was a considerable 
diflference in the consumption of food as represented by each 
animal — the average in each lot. Contrary to common opin- 
ion, in this experiment the Tam worths stand lowest in the 
consumption of food and the Yorkshires come second, or at 
least they tie with third cross Yorkshire on Berkshire. The 
Poland Chinas come third. 

Food Consumed Daily. — The following were the aver- 
age amounts of meal consumed daily during the entire experi- 
ment by each animal in the respective lots : 

Lbs. 

Lot 1 3.29 

Lot 2 3.39 

Lot 3 4.58 

Lot 4 3.83 

Lot 5 3.39 

Lot 6 4.18 

Lot 7 3.60 

Lot 8 4.48 

Average 3.84 



»6 GROWING SWINB OF VARIOUS BREEDS AND CROSSES. 

The consiimption of meal was small indeed, only 3,84 
pounds per animal per day. Nearly 2 pounds daily, however, o£ 
green food were also fed, as may be gleaned from table VIII, 
The pigs in lot 3, which were the Yorkshire Poland China 
cross, consumed the most food and made the largest gains. The 
average consumption of food by the pigs in this experiment 
was greater than that of th&se in the previous experiment, 
and the gains were also greater, both relatively and absolutely. 
In fact, so generally does this result follow with improved 



, Lots, 190O. 



animals, that it would seem reasonable to expect the largest 
increase in weight from animals which are the largest con- 
sumers of food. 

Table IX gives the average weights of the pigs in each lot 
when the experiment began and closed, and also the average 
increase in weight during the experiment. 

Here again it may be observed there was a general rela- 
tion between the consumption of much food and relative 
increase. The largest consumers of food were the pigs in lots 
3, 8 and 6 respectively, and the largest increase was made by 
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those in lots 3, 6 and 8 respectively. It is worthy of note that 
the pigs which made the largest increase are those of the 
Yorkshire Poland China cross, and those of the sattie cross^ 
though from a different dam, came second. This result tends 



TABLE IX. Weigrhts and Increase. 



Lot 1 

Lot 2 

Lot 3 

Lot 4 ,. 

Lot 5 

Lot 6 

Lot 7 

Lot 8 

Total 

Average 



Weights 

When 

Bxperiment 

Began 

lbs. 
61 
4S 
63 
48 
41 
49 
44 
46 



387 

48.38 



Weights 

When 

Bxperiment 

Closed 

lbs. 
170 
171 
229 
195 
175 
207 
165 
198 



1610 
188.75 



Total 
Increase 

lbs! 
119 
126 
166 
147 
134 
158 
121 
152 



1123 
140.37 



to emphasize the excellence of this cross in the production of 
vigorous and thrifty animals. The pure Poland Chinas are 
again lowest in increase. 

Table X gives the increase in weight made by the- pigs of 
the several lots during the different periods of the experiment. 

TABLE X. Increase During Each Period. 





1st Period 


2d Period 


3d Period 


4th Period 


Total 
Increase 


Lot 1 


18 


29 


35 


37 


119 


Lot 2 


23 


29 


42 


32 


126 


Lot 3 


27 


36 


50 


53 


166 


Lot 4. 


23 


30 


42 


52 


147 


Lot 5 


23 


26 


39 


46 


134 


Lot 6 


28 


29 


49 


52 


158 


Lot 7 


15 


21 


62 


33 


121 


Lot 8 


21 


28 


61 


42 


152 


Total 


178 


228 


370 


347 


1123 


Average . 


22.25 


28.50 


46.25 


43.37 


140.37 



It will be noticed that the gains in the different periods 
increased with the increasing age of the pigs. In the third 
period when the increase seems larger than in the fourth, it 
is not really so, as this third period covered six weeks, 
whereas the others covered but four weeks. This will prob- 
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ably be true of pigs generally up to a certain age at least. It 
has always proved so in the experiencfe of the writer in feed- 
ing swine. The average increase per day was only .80 pounds 
during the first period. During the last period it was 1.55 
pounds. During the nursing period it was only .6g pounds, 
including the weight at birth. There would seem to be an- 
increasing power in swine to make rapid gains, when judic- 



LarKc Improved Yorkshire Poland China. From dsm reared In Corn Belt. 

iously fed, up to the age of about six months. With cattle 
and sheep it is different; with these the most rapid increase is 
made during the nursing period. Notice, however, nothing is 
said here as to the relative consumption of food during those 
respective periods. 

Daily Average Increase. — A statement of the daily aver- 
age increase of the pigs in the several lots is now submitted : 



GROWING SWISE OF \ 



Lot I, 

Lot 2, 

Lot 3. 

Lot 4. 
Lot 5, 
Lot 6. 

Lot 7. 
Lot 8. 



Pure Tamworth 94 lbs. 

Third cross Improved Yorkshire 

on Berkshire l.oo lbs. 

Large Improved Yorkshire Pol- 
land China cross 1.32 lbs. 

Tamworth Poland China cross., 1.17 lbs. 

Pure Large Improved Yorkshires 1,06 lbs. 

Large Improved Yorkshire Poland 

China cross 1.25 lbs. 

Pure Poland China 96 lbs. 

Large Improved Yorkshire Berk- 
shire cross 1. 21 lbs. 



Average daily increase of the pigs 
in all the lots i,ii 



Fignre 73, Lot *. 1 



□rtb Poland Cbina C 



Cost of Food Consumed. — Table XI gives the cost of 
each food fed to the average animal of the respective lots, and 
also the cost of these taken together : 



1 



100 
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Here again the exceedingly law relative cost of the green 
food consumed is in evidence; hence the wisdom of using as 
much of the same as is compatible with good gains. 

TABXiB XI.— Cost of Food Constimed. 



Lot 1 

Lot 2 

Lot 3 

Lot 4 

Lot 5 

Lot 6 

Lot 7 

Lot 8 .,. 

Total 

Average 



Cost of 
Grain 



$2.63 
2.70 
3.66 
3.05 
2.70 
3.32 
2.88 
3.68 



24.51 
3.06 



Cost of 
Green Food 



$0.13 
.18 
.13 
.13 
.18 
.13 
.12 
.11 



1.01 
.13 



Total 
Cost 



$2.76 
2.83 
3.78 
3.18 
2.83 
3.45 
3.00 
3.69 



25.52 
3.19 



Values and Profits. — ^Table XII gives the average value 
oi the pigs in each lot when the experiment began and ended,' 
the cost of food fed to the average animal in each lot and the 
resulting profit : 

TABLE Xn.— Value and Profit. 





Value when 

Experiment 

Began 


Cost of * 
Food 


Total 
Cost 


Value when 

Bxperiment 

Closed 


Profit 


Lot 1 

Lot 2 

Lot 4 


$2.81 
2.4H 
3.47 
2.64 
2.26 
2.70 
2.42 
2.53 


$2.76 
2.83 
3.78 
3.18 
2.83 
3.45 
3.00 
3.69 


$5.57 
6.31 
7.26 
5.82 
5.09 
6,15 
5.42 
6.22 


$8.25 
8.39 

11.11 
9.46 
8.49 

10.04 
8.00 
9.60 


$2.68 
2.98 
3.86 
3.64 


Lot 5 


3 40 


Lot 6 


3.89 


• Lot 7 


2 68 


.\, Lots 

•1* 


3.38 


• ,>• Total 


$21.31 
2.66 


$26.52 
3.19 


$46.83 
5.85 


$73.24 
9.16 


$26.41 
3.31 


*• ••Average 

'A^ 



"* The pigs in lots 6 and 3, both of the Large Improved York- 
shire Poland China cross, made the largest profits in the order 
iiamed. Lot 4, the Tamworth Poland China cross, comes 
third. Thus the Yorkshire Poland China and Tamworth 
Poland China crosses stand highest in the profits made. Lot 
7, the Pure Poland Chinas, again stand lowest in point of 
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profit, but it should be noticed that in these four lots the dams 
are practically the same in breeding and in essentials as to 
form. 

The pigs were valued at $5.50 per 100 pounds at the begin-- 
ning of the experiment, 50 cents per 100 pounds more 
than the price put upon those of the previous experiment. 
They were sold for $4.85 per 100 pounds, or 85 cents per icw 
pounds higher than those of the previous year. These differ- 
ences were brought about by the gradual but continuous 
advance of the price of pork. 



Figure 74, Lot S, 1900. 
Large Improved York.hlr* Poland China Cros. from Mipne.ota bred dam. 

Cost of Increase.— The cost of making lOo pounds of 
increase during the period covered by the experiment was as 
stated below: 

Lot I. Pure Tamworths $2.32 

Lot 2. Third cross Yorkshire on Berkshire 2.25 
Lot 3. Large Improved Yorksliire Poland 

China cross 2 . 28 
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Lot 4. Tamworth Poland China cross ... 2.16 

Lot 5. Pure Large Improved Yorkshires. . 2.11 
Lot 6. Large Improved Yorkshire Poland 

China cross 2.18 

Lot 7. Pure Poland Chinas 2.48 

Lot 8. Large Improved Yorkshire Berk- 
shire cross 2,43 

Average of the 8 lots $2 . 28 



Larxe Improved Vorkahli 

The average cost of making 100 pounds of increase with 
the pigs in all the lots was only 7 cents higher than with the 
pigs of the former experiment, notwithstanding that the price 
of food was considerably dearer. This arose from the better 
gains made by the pigs in the second experiment 

In cheap cost of production, it will be noticed, the Large 
Improved Yorkshires stand first, whereas in the former experi- 
ment they stood second. Next come pigs of the Tamworth 
Poland China cross, and third those of the Yorkshire Poland 
China cross from the Minnesota dam. The pure Poland 
China pigs stand highest in cost of production, as in the previ- 
ous experiment, and next to the highest are the pigs of tht 
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Yorkshire Berkshire cross. The Tamworths, which were 
lowest in cost of production in the previous experiment, have 
fifth place from the lowest in this one. 

Disposal of the Swine. — As in the previous experiment, 
the pigs were sold to the School of Agriculture, and at the 
rate of $4.85 per 100 pounds live weight. This was the sell- 



FlKore 70. Lot T, ISOO. Pure Poland China. 

ing price for pigs of similar quality at the time at the South 
St. Paul Stock Yards. They were slaughtered within a short 
time of the close of the experiment in each instance. 
Financial Statement : — 
Price received for the pigs when the experiment 

closed $208.62 

Estimated value of the pigs when the experiment 

began $60.46 

Cost of Food '. . 72.78 

Total Outlay 133-24 

Total net profit 75-38 

Net profit on one animal . . . 3.28 
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IMPORTANT FACTS SUMMARIZED. 

Note. — The sum of $3.28, just stated as the Jiet profit on 
one animal, represents the average profit on each of the 23 
animals fed. In table XII the average profit is represented 
as $3.31, but there the average given represents the average 
of eight lots ; one of these lots comprised only two pigs. This 
accounts for the difference of three cents in the average given 

Observations. — i. — As stated in the preceding paragraph, 
the above stateijient includes the 23 animals fed in the eight 
arily these would be in excess of the home values. 

Values. — 



PlKDn 77. Lot 7, :i 9 00.- Pure Poland China. 

1. Estimated value per 100 pounds when the experi- 

ment began $5 ■ 50 

2. Value per 100 pounds when the experiment closed. . 4.85 

3. Decrease in value per 100 pounds 65 

Average Weights when the Experiment Began. — Lbs. 

Lot I. Pure Tamworth 51. 

Lot 2. Third Cross Large Improved Yorkshire on 

Berkshire 45. 
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Lot 3. Large Improved Yorkshire Poland China cross 63. 

Lot 4. Tamworth Poland China cross 48- 

Lot 5. Pure Large Improved Yorkshire 41. 

Lot 6. Large Improved Yorkshire Poland China cross 49. 

Lot 7. Pure Poland Chinas ^^i. 

Lot 8. Large Improved Yorkshire Berkshire cross . . 46. 



Average of eight lots. 



Pignre 78, Lot 8, 1900. LaTge Improved Yorkshire BerkBhire Crons. 

Average Increase in Weight. — Lbs. 

Lot I. Pure Tamworths 1 19. 

Lot 2. Third cross Large Improved Yorkshire on 

Berkshire 126. 

Lot 3. Large Improved Yorkshire Poland China 

cross 166. 

Lot 4. Tamworth Poland China cross 147, 

Lot 5. Pure Large Improved Yorkshires 134. 

Lot 6. Large Improved' Yorkshire Poland China 

cross 158. 
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» 

Lot 7. Pure Poland Chinas ? 121. 

Lot 8. Large Improved Yorkshire Berkshire cross.. 152. 



Average of eight lots 140.37 

Average Cost of Making 100 Pounds of Increase. — 

Lot 5. Pure Large Improved Yorkshires 2. 11 

Lot 4. Tamworth Poland China cross . . .". 2.16 

Lot 6. Large Improved Yorkshire Poland China 

cross 2.18 

Lot 2. Third cross Large Improved Yorkshire on 

Berkshire 2.25 

Lot 3. Large Improved Yorkshire Poland China 

cross 2 . 28 

Lot I. Pure Tamworths 2 . 32 

Lot 8. Large Improved Yorkshire Berkshire cross. . . 2.43 

Lot 7. Pure Poland Chinas 2.48 



Average of eight lots .^. . .' $2.28 

Profits. — 

1. Aggregate net profit from feeding 23 pigs for 126 

days $75.38 

2. Average net profit from feeding one pig for same 

period 3.28 

IMPORTANT FACTS SUMMARIZED FROM THE 

TWO EXPERIMENTS. 



1 
2 

3 
4 

5 
6 



Average Increase in Weight. — Lbs. 

Large Improved Yorkshire Poland China cross... 147 

Tamworth Poland China cross 132^ 

Pure Large Improved Yorkshires 128 

Pure Tamv^orths 118 

Third cross f-arge Improved Yorkshire on Berkshire 115 
Pure Poland Chinas 104^ 
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Average Cost of Making lOO Pounds of Increase. — 

Pure Large Improved Yorkshires $2.06^ 

Pure Tamworths 2. 16J 

Tamworth Poland China cross 2.20 

Large Improved Yorkshire Poland China cross.. 2.22 
Third cross Large Improved Yorkshire on Berkshire2.26i 
Pure Poland Chinas 2.50 

Average of six lots $2.24^ 



PIgun 79, Lot 8, 1900. Lars* Impro-vtd York 



Profiis.- 



Aggregate net profit from feeding 46 pigs for 126 days $1 1 145 
Average net profit for feeding one pig for the same 
period 2.42 
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CONCLUSIONS. 

The following are prominent among the conclusions that 
may be drawn from the two experiments : 

1. That it would not be safe to draw conclusions from 
these experiments as to the cost of production from pigs fed 

essentially on a corn diet, as compared with those fed on a 

more nitrogenous diet, from the want of sufficient data in 

the experiments on which to base the sarne. 

2. That the gains made by well fed swine increase with 
advancing age for several months subsequent to the birth 
period. 

3. That these experiments do not sustain the view that 
the results will be less satisfactory from each succeeding cross 
of Yorkshire on Berkshire 

4. That swine of the lard producing types are not more 
cheaply grown up to the age of 196 days than swine of the 

bacon producing types. 

5. That pork can be made more cheaply from swine of 
the Large Improved Yorkshire and Tamworth breeds than from 
the Poland Chinas or what may be termed the lard types. 

6. That the cross of the Large Improved Yorkshire and 
Tamworth breeds upon the Poland China sows of the corn 
reared types produces animals at once vigorous, shapely, 
growthy and relatively more profitable than pigs from the 
afore mentioned sows. 

7. That during the two years covered by the experiment 
pork was produced with six lots of pigs of various blood lines 
subsequent to the weaning period at an average cost for. food 
of $2.24^ per 100 pounds. 



HUMAN FOOD INYESTIGATIONS. 

HARRY SNYDBR. 

Outline of Bulletin. This bulletin gives the results of a 
number of digestion experiments with men to determine the 
nutritive value of beans, butter, cheese, milk, potatoes, toast, 
eggs, oatmeal, and bread made from the different kinds of 
flour, as graham, entire wheat and patent roller process flour. 
The foods were combined in different rations and in various 
ways, and were fed to working men. The general plan of the 
experiments is somewhat similar to feeding experiments 
with animals except that men and human foods are used in 
place of farm animals and fodders. 

The value of the foods used in these experiments was de- 
termined by feeding to the men a weighed quantity of food, 
the composition of which had been determined by chemical 
analysis, and then weighing and analyzing the solid and 
liquid waste products given off by the body from the foods 
consumed in order to determine the amount of food which 
had been digested and utilized. In obtaining the value of the 
foods it was the aim to determine the kind and amount of 
nutrients present and the extent to which they are digested 
and made available to the body. The kinds and amounts of 
the nutrients were determined by chemical analysis, and 
their availability was determined by digestion experiments. 
While all of the methods of chemical analysis have not as 
yet been perfected, it is believed that results of suflicient 
practical value have been secured to warrant the undertak- 
ing of this study of human foods. 

Some of these experiments were begun early in 1899, 
and many portions of the work have been under investiga- 
tion since that time. In preparing the manuscript for publi- 
cation it has been the aim to consider principally the facts 
which are of most importance and which have a direct bear- 
ing upon the economic value of the foods studied; technical 
terms have been avoided as much as possible. A brief ex- 
planation of the terms used in the bulletin, and the applica- 
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tion of chemical methods to the study of foods are discussed 
before the separate foods are considered. 

In planning the investigation it was the aim to concen- 
trate the work as much as possible and let the separate ex- 
periments have a direct bearing upon some special topic. In 
the part of the work published in this bulletin are discussed: 
the dairy products, butter, cheese, and milk, and incidentally 
the comparative digestibility of butter and oleomargarine; 
the comparative nutritive value of graham, entire wheats 
and standard patent roller process flour milled from the 
same lot of wheat; the digestibility of toast and bread; and 
also oatmeal and beans, as types of cereal and leguminous 
foods. 

In stud3?ing the values of the various foods, the effects of 
different methods of cooking and preparation upon digesti- 
bility have been considered, as well as the influence of com- 
binations of foods upon digestibility. These subjects have 
not, owing to their magnitude, been studied as exhaustively 
as could be desired. A brief summary of results is given at 
the end of some of the topics. 

Tables containing details of the work are given in an ap- 
pendix, printed as a separate part and not included in the 
bulletin proper. It is believed that by eliminating all of the 
numerous tables the bulletin is made more readable to the 
layman. 



EXPLANATION OP TERMS USED IN BULLETIN. 



Water Content of Foods. Water is present in all food 
materials, and in many cases makes up a very large portion 
of the weight of a substance. In vegetables, in milk, and in 
juices of meat, water is present to such an extent as to be per- 
ceptible to the senses. Substances like flour, meal, and starch, 
which appear perfectly dry , are not free from water , but contain 
from 9 to 12 per cent. This hydroscopic water, as it is called, 
is held mechanically by the particles of which the material is 
composed, and the amount of water thus held depends upon 
the extent of the previous drying of the material and the 
hydroscopic condition of the air. Inasmuch as air al- 
ways contains some water, it necessarily follows that all 
substances exposed to the air must likewise contain some 
water. 

In order to remove the last traces of water from a sub- 
stance, the material is dried in either a water or a hot air 
oven at a temperature of 212 degrees F., the boiling point 
of water, so as to convert all of the water in the material 
into steam, which is then expelled. A water oven, shown 
in Fig. 80 has double walls, the space between the walls be- 
ing partially filled with water, which is kept boiling by 
means of a gas burner which is placed below the oven. The 
food or substance before drying is weighed in a suitable dish 
and then dried in the water oven until the weight is reason- 
ably constant, the loss of weight in dr3ring being considered 
as water. 

The determination of water in foods, although appar- 
ently simple, is a difficult and troublesome chemical process 
because many foods, when heated to 212 degrees, sufiier 
changes and give oflf volatile organic compounds along with 
the water, or the organic matter may undergo a change in 
composition, as oxidation. For determining the absolute 
moisture content of foods, the chemist employs a drying 
bath of a different pattern from that shown in Fig. 80, and 
the material is dried in a current of some neutral gas, as hy- 
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drogen, to prevent oxidation of the substance. AU of the 
dishes in which the substances are placed, daring the analy- 
sis, are dried and cooled in dessicators out of contact with 
air, so as to remoTC all traces of hydroscopic moisture. The 
weighings are all made on analytical balances or on scales 
of extreme accuracy. (See Fig.81). The accurate determin- 
ation of water is one of the most difficult parts of food 
analysis. 



Fig. i 
ail 



rAppaj-B.tas for determlDlnB the water coBtent of foods; made with d< 
the space betncea beloz filled with *at« kept at the boitlng polat. 1 
food Is dried Id the water OTen at the temperature of boiling water.] 



Dry Matter of Foods. The dry matter of a food is the 
portion wrhich is left after all the water has been removed. 
The dry matter, as the term implies, is the dry material free 
from all traces of hydroscopic moisture. The amount of dry 
matter is determined by subtracting the per cent of water 
from 100. If flour, for example, contains 12 per cent water, 
there will be 88 per cent of dry matter. The amounts of dry 
matter in foods range between wide limits as 7 per cent and 
less in some fruits to 99 per cent in sugar. 

Asb. The ash of a food is that portion which remains 
after the substance is burned at the lowest temperature nec- 
essary for complete combustion. The ash is sometimes 



THE MINERAL MATTER OF FOODS. 



PlK Bl. Amklftlcal balance naed for maUoK accurate weighlnsi. 

spoken of as the mineral or inorganic part, and also as the 
non-Tolatile part. The ash of a vegetable food represents 
all of the materials, with the exception of water and nitro- 
gen, which the plant took from the soil during growth. The 
term ash as used in the chemistry of foods differs from the 
term as ordinarily used in that the chemical ash is pure asb, 
free from unbumed particles of carbon, and contains all of 
the ash elements as sodium, chlorine, sulfrir, and phosphorus, 
traces of which are volatile at a high temperature. Crude 
ash is obtained by burning a substance at a low temperature 
in a muffle furnace until all of the carbon is oxidized. (Fig. 82) 
The amount and composition of the ash varies with the 
character of the food; in the ash from some of the vegeta- 
bles, alkaline salts predominate while in that from other 
foods, calcium and magnesium compounds are found more 
abundantly. 
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Pis 82. Muffle Furnace used for 
obtaining^ the ash of foods The 
material is burned at a low tem- 
perature. 



Organic Matter. The organic 
matter is that portion of a food 
that is capable of being burned 
and converted into volatile or 
gaseous products; it is the com- 
bustible part of the food, and is 
simply a mechanical mixture of 
the various organic compounds 
as starch, sugar, fat, etc. of which 
foods are composed. The term or- 
ganic compounds was originally 
applied to those bodies which it 
was believed could be produced 
only as the result of life pro- 
cesses, but it is no longer used in 
that sense because many of the 
organic compounds are now pro- 
duced in the laboratory by syn- 
thetic methods, independent of 
Kfe processes. The organic matter of foods is obtained by 
subtracting the ash from the dry matter. The dry matter 
of wheat, for example, contains 2.10 per cent ash and 97.90 
per cent of organic matter. The organic matter of foods 
includes a number of classes or types of compounds. 

Non-nitrogenous and Nitrogenous Organic Compounds. 
For purposes of study of foods the organic compounds are 
divided into two large classes: (1) non-nitrogenous, and 
(2) nitrogenous organic compounds. This division is made 
on the presence or absence of the element nitrogen. The ni- 
trogenous or nitrogen containing compounds are those 
which contain the element nitrogen in combination with car- 
bon, hydrogen, oxygen, and small amounts of other elements; 
while the non-nitrogenous compounds are those which con- 
tain no nitrogen but are composed of carbon, hydrogen and 
oxygen. Starch, sugar and fats are types of non-nitrogen- 
ous compounds, while albumin, casein and fibrin are types 
of nitrogenous compounds. 

Crude Protein. This term is applied to the nitrogenous 
compounds of foods, taken collectively, as a group. The word 
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crude is used to distinguish this group because, closely asso- 
ciated with the true proteids, it contains various nitrogenous 
bodies not proteids. Pure protein is a simple chemical com- 
pound while crude protein consists of a group of compounds 
of which pure protein is one. The albumin of eggs and milk 
and the gluten of grains are types of pure protein. In many 
foods, as potatoes, roots, and fruits less than half of the 
crude protein is pure protein. Crude protein, from different 
sources, is unlike in character, composition, and to a certain 
extent even in food value. Less is known of the composition 
and food value of crude protein than ofany other class of nu- 
trients in foods. A great deal of confiision has been caused 
by the indiscriminate use of several terms as albuminoids, 
total nitrogenous compounds, flesh formers, proteids, etc., 
to designate this class of bodies. 





Pig 84. Distillation Appartus. 

(Pigs. 83 and 84, apparatus used for determining 
total nitrogen and crude protein content of foods. 
The nitrogen is obtained by digestion with sulphuric 
acid, as ammonium sulphate, fig. 83, and the 
ammonia is then liberated, distilled and obtained, 
Fig. 84.) 



Pig. 83. Digestion Apparatus. 



The crude proteids contain nitrogen in combination with 
carbon, hydrogen, oxygen, sulfur, and occasionally with 
small amounts of other elements as phosphorus. The true 
proteids all have about the same general percentage compo- 
sition; the carbon ranges from 51.2 to 54.7 per cent, hydro- 
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gen from 6.7 to 76, oxygen from 20.2 to 25.5, stdfiir from 
.5 to 2.0 and nitrogen from 15.2 to 18. The proteids con- 
tain, on the average, about 16 per cent nitrogen or there is 
about 1 part of nitrogen to every 6.25 parts of protein 
(100-7-16=6.25). 

In the analysis of foods, the chemist first determmes the 
per cent of total organic nitrogen and then multiplies this 
amount by 6.25 to represent theequivalent amount of crude 
protein. The nitrogen can be determined with accuracy, in 
fact the method for the determination of the nitrogen in 
foods is one of the most accurate processes in chemistry. In 
brief, the method consists in first digesting a small weighed 
quantity of the food in a flask with sulfuric acid, to oxidize 
the organic matter and convert the nitrogen into ammonium 
sulfate. See Fig. 83. The nitrogen in the form of ammonium 
sulfate is then liberated as free ammonia, distilled and its 
amount determined. See Fig. 84. 

Btber Extract, The term ether extract is applied to 
that class of compounds which is soluble in ether. In the 
case of human foods, the ether extract consists largely of 
fats and oils with variable amounts of waxes, resins, 
chlorophyll, vegetable coloring matters and nitrogenous 
and phosphorized bodies aslecithin. The value of the ether 
extract depends entirely upon its source; in milk, meats, and 
cereals and their products in general the ether extract is 
nearly pure fat, while in many vegetables it is less than 
half fat. The methods of chemical analyses have not, as 
yet, been sufficiently perfected to allow the separation 
and determination of the pure fat of all foods. The ether ex- 
tract is obtained by placing a small weighed quantity of the 
dry material in tube 3 (Fig.85). The tube containing the dry 
food is then placed inside of a glass extractor, which is con- 
nected with a small weighed flask, containing ether. The 
flask is immersed in a water bath heated by a gas burner, 
the ether is voltatilized, and the vapor passes through open- 
ings 2 and 4 and into the condenser where it is cooled and 
falls back in drops from point 4 onto the food at 5. The 
ether percolates through the food and returns to the flask. 
The fats and ether soluble matters are not volatilized but 
remain in the flask while the ether is vaporized and conden- 
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sed again and again. After the extraction is completed the 
ether is distilled from the flask and the ether extract is dried 
and weighed and the percentage amonnt calculated. While 
the process for the determination of ether extract appears to 
be simple, it is a difficult operation to control, because even 
after many days' extraction some foods will continue to give 
up ether extract, and unless unusual care is taken some of 
the fats are oxidized, and then too the ether extract is liable 
to be contaminated with impurities if 
ether of a high degree of purity is not 
used. When the ether extract deter- 
minations are made tmder uniform 
conditions the results are comparable ■ 

and are of value when properly inter- 
preted. 

Crude Fiber. The crude fiber of 
foods includes the cellulose and lignin k. 

bodies which make up the firame work 
of vegetable substances. In human 
foods, as flour and cereal products in 
general, the amount of crude fiber is 
small compared with that in animal '' ' 

foods. Crude fiber and cellulose are 
not identical terms. Crude fiber in- 
cludes cellulose which is a term applied 
to a group of chemical compounds of 
which pure cotton is an example. 
There are a number of different kinds 
of cellulose; hydro-cellulose, found in 
young and growing plants, and figno- 
cellulose, found in mature plants, J 
which are distinct types of these ^__ 
bodies. In the analysis of foods, the 
crude fiber is determined by first digest- t<™^Dfn« th/ilh" ««^t''o; 
ing the material in dilute sulfuric ""I'^^^^-t^t offood.. 
acid to dissolve all soluble bodies as sugar, hydroHzed starch, 
some of the proteids and related bodies. After treatment 
with the acid the substance is digested with dilute sodium 
hydroxid to remove all compounds which have failed to dis- 
solve in the acid. Crude fiber and the insoluble mineral 
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matter arc about the only substances which are insoluble in 
the dilute acid and alkali, and hence the fiber is obtained by 
dissolving all other compounds and then deducting the insol- 
uble mineral matter present. For the determination of cel- 
Itdose more exact methods have been devised. The crude 
fiber determination, however, is valuable because it shows 
the amount of acid and alkali insoluble materials contained 
in ioods. 

Nitrogen-iree-extract Compounds. In the processes of 
analysis the chemist determines the water, ash, crude pro- 
tein, ether extract, and crude fiber. In wheat, for example, 
there is 9.25 per cent water, 4.95 ash, 13.25 crude protein, 
2.20 ether extract and 2.25 crude fiber or 28.90 per cent of 
all of these compounds taken collectively. The remaining 
71.10 per cent is called nitrogen-free-extract. The term 
nitrogen-firee-extract means that the bodies contain no nitro- 
gen, that is, they are joitrogen-firee or non-nitrogenous, and 
soluble in dilute acids and alkalies. In wheat, the nitrogen- 
firee-extract is composed mainly of starch, in some foods, as 
in carrots, it is composed largely of sugar. In human foods, 
the nitrogen-free-extract compounds are mainly carbohyd- 
rates as starch and sugar, while in animal foods they consist 
of a large number of compounds dissimilar in character and 
food value. In all vegetable foods, the nitrogen-free-extract 
constitutes the largest of any of the groups of compounds. 
Meats and animal food products, except milk, contain only 
very small amounts of nitrogen-free-extract. 

Nutrients, Not all of the crude protein, ether extract, 
crude fiber, and nitrogen-free-extract of foods undergo dig^- 
tion. The parts which are digested and utilized by the body 
are called the digestible nutrients. A digestible nutrient is 
any compound or group of compounds capable of being di- 
gested and utilized by the body for the production of heat 
and energy, or for the purposes of growth. 

Uses of Nutrients by the Body. The diflferent classes of 
nutrients in foods are used by human and animal bodies for, 
(1) the production of heat and energy, (2) the repair of the 
tissues of the body, and (3) growth and the production of 
new tissue and animal products. Only the protein nutrient 
is capable of performing all of these functions. The ether 
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extract, and nitrogen-free-extract compounds, as fats 
starches and sugars can produce only heat and energy, they 
cannot produce new muscular tissue or supply the materials 
to repair worn out tissue. The protein compoimds are the 
building materials out of which the greater portion of the 
muscles of the body are formed; they enter into the composi- 
tion of the bones, tendons, ligaments, hair, skin, nails, nerve 
tissues, and all the vital fluids of the body. Important as 
protein is, it cannot be considered as the only nutrient that 
is of value in human or animal foods, neither is it possible to 
correctly estimate the value of a food on the basis of its 
protein content without regard to the other nutrients. In 
discussing the food value of protein, there is a tendency on the 
part of some writers to ascribe to it certain absurd life giv- 
ing qualities nearly akin to the old alchemists* ideas of the "es- 
sence of life." An excessive amount of protein in either a 
human or an animal ration is equally objectionable as a 
■scant amount. The best uses of the nuiirients in foods are 
made when the protein, fats, and carbohydrates are present 
in proportion to the needs of the body. 

Application of Chemical Methods to the Study of Hu- 
man Foods. While the division of the nutrients of foods into 
ether extract, crude protein, nitrogen-free-extract and crude 
fiber is by no means perfect, it is the best classification which 
has, as yet, been made. The methods employed in the chemi- 
cal analysis of foods have not reached as high a degree of 
perfection as could be desired. They are, however, more ap- 
plicable to the study of human than to animal foods because 
in human foods, the nutrients all fall in the three groups : 
ether extract, crude protein and carbohydrates, to a much 
greater extent than in the case of animal foods which con- 
tain such large amounts of crude fiber, pentose compounds 
and other bodies. In most human foods, the ether extract 
is mainly fat, the carbohydrates starch or sugar, and the 
crude protein, protein. When the results of a food analysis 
are properly interpreted, they are of value, and in the appli- 
cation ot the results, the greatest reliance can be placed upon 
the total nitrogen and the caloric value because the meth- 
ods employed for their determination are quite accurate. 
The determinations of dry matter and ash, as far as accura- 



120 HUMAN FOOD INVESTIGATIONS. 

cy is concerned, stand next to the nitrogen and caloric value. 
The methods for the determination of nitrogen-free-extract, 
crude fiber and ether extract are not satisfactory, and, in 
the application of the results, no great stress should be laid 
upon these determinations, not because these nutrients are of 
no value in foods, but because the methods for their deter- 
mination are not as accurate as could be desired. 

When, however, the determinations which have reached 
the highest degree of accuracy as nitrogen, caloric value, ash 
and dry matter, are considered, a great deal of information 
in regard to the composition of foods is available. These 
determinations give, with a high degree of accuracy, the 
amount of the total nutrients and the general character of 
the nutrients in foods, whether or not they are nitrogenous, 
and whether they have the power of producing a large or a 
small amount of heat when digested. Since the value of any 
food depends largely upon the two factors, (1) the amount 
of heat or energy which it is capable of producing, and (2) 
the amount of nutrients which are available for the building 
of muscular tissue in the body and repair of the waste tis- 
sue, it is possible, by the use of simply the caloric value and 
total nitrogen content of foods, to determine the general 
character and value of foods without depending upon the 
less accurate analytical methods, viz: those for the determina- 
tion of crude fiber, ether extract and nitrogen-free-extract. 

When properly used, the results of chemical analyses of 
foods are of value, but it is not possible to determine the ab- 
solute value of foods from their proximate composition 
only, because there are many other factors beside chemical 
composition which give value to foods. Two foods, for ex- 
ample, may have the same percentage amounts of nutrients, 
but the natrients in each may have a difierent degree of di- 
gestibility, or one food may have a smaller percentage oi 
nutrients with a higher degree of digestibility than another 
food. For example, when entire wheat flour and straight 
grade flour are milled from the same lot of wheat, the entire 
wheat flour has the larger per cent of protein, but the 
straight grade flour is more digestible than the entire w^heat 
flour. Hence there is a larger amount of nutrients avail- 
able to the body from the straight grade than from the en- 
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tire wheat flour. Furthermore the way in which food is 
combined and used with other foods in a ration, as in the 
case of milk reported in this bulletin, influences the digesti- 
bility of the nutrients. The amount of food consumed, and 
its method of preparation are also factors which afiect di- 
gestibility. Then, too, there is a difference in the digestive 
capacity of different individuals; some persons are capable 
of digesting their food more completely than others. For 
example, in the digestion experiments with beans, one sub- 
ject digested 14 per cent more of the protein nutrient than 
another. In fact, no two individuals have been found in the 
experimental work who were capable of digesting any one 
or all of the nutrients of foods alike. 

The factors which influence the digestibility and nutritive 
value of foods are: (1) mechanical condition of the food, 
(2) its combination with other foods, (3) amounts consumed, 
and (4) the way in which the food is cooked and prepared 
for use. Since all of these factors may affect the digestibility 
and nutritive value of foods, and since different individuals 
do not all have the same power to digest and utilize the nu- 
trients of foods to the same extent, it is evident that chemi- 
cal investigations relating to the digestibility and nutritive 
value of foods must necessarily consider all of these condi- 
tions in order to be of the highest value. This involves a 
large amount of chemical work, and is probably the reason 
why only comparatively Kttle is known of the nutritive 
value of human foods. The subject, however, is of sufficient 
importance to warrant scientific investigation, and it is be- 
lieved that results of practical value can be secured from the 
study of human foods. 

BEANS. 

Nature oi the Work, This investigation was undertak- 
en to determine the nutritive value of beans as human food. 
Their digestibility when fed to working men, the influence 
upon digestibility when beans were combined with different 
foods in a ration and the influence of fat upon their digesti- 
bility form parts of this work. Experiments were also made 
to determine the effect of the removal of bean skins upon 
their digestibility, the amount of nutrients in bean skins and 
in the drain water from par-boiled beans, and the e£fect of 



122 



HUMAN FOOD INVESTIGATIONS. 



the use of soda in the cooking of beans. Notes are also given 
upon the cost of nutrients in beans and their use in the 
dietary. 

Digestibility of Beans. Three digestion experiments 
were made to determine the digestibility and nutritive value 
of beans. The common white or navy beans were used. Be- 
fore baking, the beans were placed in boiling water and 
boiled vigorously for twenty minutes to loosen the skins 
which were then readily removed by rubbing the beans 
against each other in cold water. A small amount of soda 
dissolved in the boiling water aided in loosening the skins. 
Salt and butter were used in the baking. From each pot of 
baked beans, a sample was taken for analysis. The beans 
were fed with a bread and milk ration, the digestibility of 
the bread and milk having been determined in former experi- 
ments. In addition to the three digestion experiments with 
beans and bread and milk, beans were used in other digestion 
experiments with a larger number of foods so that their di- 
gestibility was determined also in mixed rations. In the ex- 
periments with bread and milk and beans, a large proportion 
of the total nutrients was supplied by the beans. The results 
obtained in these experiments are summarized in the follow- 
ing table: 

TABLE Ko. 13. DigeitibiUty of Beau. 





Dry Matter 
percent 
Di«:eftted 


Crude Protein 
percent 
Digested 


Pat 
percent 
Digested 


Carbohydrates 
percent 
Dijurested 


Man 1 


91.86 
91.19 
90.19 


86.81 
72.26 
81.68 


81.3S 
85.72 
72.41 


96.96 


Man 3 


96.88 


Man 2 


96.76 


ATerage 


90.91 


80.22 


79.82 


96.19 



From the table it will be observed that, as the average 
of the three experiments, 90.92 per cent of the total dry mat- 
ter of the bean was digested. The carbohydrates were found 
to be more completely digested than the other nutrients; ia 
fact, the results show that 96.19 per cent of the carbohy- 
drate compounds of the beans were digested. The digesti- 
bility of the protein nutrient ranged between wider limits 
(72.26 to 86.81 per cent) than of any other nutrient. The 
results of these experiments on the digestibility of beans cor- 
respond, in general, with those obtained by Rubner and oth- 
ers, namely: that the carbohydrates of beans are more com- 
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pletely digested than the protein and that the digestibility^ 
of the protein may vary with different individuals betwectl 
quite wide limits. 

In the digestion experiments in which other foods wer« com- 
bined with beans, particularly butter and oleomargarine, also 
potatoes, eggs and milk, the digestibilityof the protein and 
other nutrients was found to be greater than when the diet 
was restricted to only three food articles. In the digestion 
experiments where butter and oleomargarine were used 
(pages 137 — 141) the food consisted, in one series of experi- 
ments, of bread, skim milk, beans and butter, and in the 
other, of bread, skim milk, beans and oleomargarine. In all ol 
these experiments the protein was from the same food ma- 
terials: bread, milk and beans, but, when butter or other 
fat was present, a different per cent of the protein nutrient 
was digested than in the ration with bread, milk and beans 
alone. The average digestibility of the protein, when butter 
or oleomargarine formed a part of the ration, is given in the 
following table : 

TABLB Ko. 14. DigettibUitj of Frotein of Bationi Coniiiti&g of Bread, 

Boani, Butter and Oleomargarine. 





Protein 

Digested 

percent 


I^ah 1. BcAns. breAd. milk And olcornArflraiiiic ration 


88.40 


Xf AS 2. Bf An*. brcAd. milk and oleomArflTAiine rAtion 


91.69 


Man 8, Beans, bread, milk and oleomargarine ration 


84.12 


A-TtrtLgt 


88.07 






Man 1, Beans, bread, milk and bntter ration 




Man 3. Beans. breAd. milk and btitter rAtion................................. 


92.71 


Man 8, Beans, bread, milk and butter ration 


86.61 


ATerag^e 


89.66 






Man 1 . Beans, bread and triilk ratio* 


89.68 


Man 2, Beans, brend and milk ration 


87.69 


Man 3, Beans, bread and milk ration 


87.74 







When butter or other fat, as oleomargarine was present 
in the ration the co-efficient of digestibility of the protein 
nutrient was increased in the case of man No. 2, 4.60 per 
cent over the ration which contained no butter, but in the 
case of man No. 3, the butter caused a decrease of 1.1 Opr. ct. 
in the digestibility of the protein . Likewise in the ration con- 
sisting of bread, milk, beans, eggs and potatoes, reported in 
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another part of the bulletin, the beans were more digestible 
than in the experiments with three or four food articles. 
The results of the digestion experiments show that when 
used as a part of a ration and combined with other foods,, 
particularly butter and milk, beans have a higher co-efl5cient 
of digestibility than when the ration is restricted to three 
food articles only. 

There appears to be a great diflFerence in the ability of 
diflFerent individuals to digest beans. In the experiments 
performed, there was a diflFerence of 1 4 per cent in the com- 
pleteness of digestibility of the protein nutrient. One of the 
pien, on the bread and milk and beans ration, digested 86 
per cent, while another man, fed on the same foods digested 
only 72 per cent of the protein nutrient. 

Beans are generally considered indigestible. The results 
of these experiments show that they are not indigestible 
when we consider the completeness of the digestion process. 
There is, however, a diflFerence in the digestive capacity of 
individuals to digest beans, but when properly combined 
with other foods they cannot be considered indigestible. 
Beans are, however, slow of digestion and require more in- 
testinal work than many other foods, but, when properly 
combined so that they form a portion of a ration, the work 
of digestion is more evenly distributed than when they are 
used alone and in large amounts. In using beans in the 
dietary, they are frequently eaten in excessive quantities at 
irregular intervals, rather than in reasonable amounts com- 
bined with other foods as a regular part of the ration. 

Composition of Beans. Beans are a food characteris- 
tically rich in protein. The beans used in these experiments, 
contained 23.75 per cent protein. Beans do not 
contain a large amount of fat; there is less fatty or ether ex- 
tract material than in any of the grains or cereal products. 
The beans used in these experiments contained only 1.71 
per cent of fat. After baking, the dry matter contained 6.46 
per cent fat due to the butter that was used in preparing 
them for the table. Because of the small amount of fat in 
beans, a larger amount is required in their cooking than in 
the case of any similiar food product. 

The proteid material in beans is diflFerent in character 
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rom that of cereals and meats. In most of the grains and 
cereal products, the larger portion of the proteid is in the 
form of glutens, commonly called insoluble proteids. In 
the bean the protein is mainly in the form of legumin, a 
globulin proteid with diflferent characteristics and properties 
from the glutens. A part of the legumin of beans is in chem- 
ical combination with some of the organic acids and mineral 
compounds. The fact that the proteid material in beans is 
diflferent from hat in cereals and their products is undoubt- 
edly one of the reasons why the protein of beans has a dif- 
ferent degree of digestibility from the protein of many other 
foods. The best conditions for digesting the protein of 
beans are secured in a mixed diet rather than when the food 
is restricted to only two or three articles. 

Use of Soda in the Preparation of Beans, In the prepar- 
ation of beans for the table, soda is frequently employed for 
softening the skins so that they can be readily removed. In 
these experiments about three grams (one half teaspoonful) 
of cooking soda dissolved in two quarts of water were used 
for a pound of beans. The larger portion of the water was 
absorbed during the boiling process. Of the water used on 
the pound of beans only about one third was drained oflf. 
Since only a portion of the water employed was removed by 
draining, and the larger portion was absorbed by the beans, 
tests were made to determine the amount of soda which was 
retained by the beans. Of the original soda employed, only 
sixteen per cent was recovered in the drain water, 84 per 
cent remaining in chemical combination with the beans. 
The legumin, or proteid material of beans is capable of com- 
bining with either acids or alkaline compounds, forming 
acid or alkali proteids. The use of carbonate of soda in the 
boiling process resulted in changing the chemical character oi 
of the .protein of the beans. This was found to have a favor- 
able eflfect upon the digestibility and food value of the beans as 
it enabled the protein to be more readily acted upon by the 
digestive fluids. It is a matter of common observation that 
when beans are properly prepared with a small amount of 
soda and salt, there is less difl&culty from the formation of 
gas in the intestines during digestion. Flattdence or the 
formation of gas during digestion is discussed in Farmers' 
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Bulletin No. 121 of the U. Sl Department of Agriculture, 
from which the following extract is taken: "This effect 
(flatulence) is not confined to people of delicate digestion, 
although it is to them more distressing, nor does it seem to 
have any thing to do with the extent to which the nutrients 
of the food are used in the system. Experiments with 
animals indicate that the formation of methan gas is entire- 
ly due to bacterial action in the intestines." The removal 
of the skins from beans by the aid of a small amount of soda 
will, to a great extent, prevent flatulence and the formation 
of gas in the intestines during digestion. 

Nitrogen in Drain Water from Beans. When the skins of 
beans are removed by treatment with hot water and soda, 
a small amount of proteid material is dissolved and lost in 
the drain water. From a pound of beans (453 grams) 0.246 
grams of nitrogen were dissolved by the soda and removed in 
the drain water. The beans used contained 16.45 grams of 
nitrogen, hence a loss of .246 grams in the drain water is 
equivalent to about two thirds of one per cent only of the 
total nitrogen. On the basis of the nitrogen as the measure 
of the proteid content of beans, it would appear that 99.33 
per cent of the total proteid matter remained in the beans 
and about 0.67 per cent was lost in the drain water. The 
amount of protein lost in drain water from beans parboiled 
with soda to remove the skins, is too small to be of any 
economic importance. 

Nutrients in Bean Skins. The amount of nutrients remov- 
ed in the bean skins was determined. One pound of beans 
yielded about 1.1 ounces of dry skins which showed the fol- 
lowing composition upon analysis: 

Per cent. 

Ash 6.73 

Crude Protein 10,67 

Ether Extract 2.10 

Crude Fiber 39.55 

Nitrogen Free Extract 40.95 

100.00 
While the skins contain an appreciable amount or 
nutrients, this is onlv a small part of the total nutri- 
ents of the beans. In the case of the protein, for example. 
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the original beans contained 106.4 grams of protein while 
the skins contained 3.19 grams which is about three per 
cent of the total. The total loss of protein in both drain 
water and skins was 3.66 per cent. 

The skins contain a large amount of crude .fiber, 39.55 
per cent, which is over one third of the total amount in the 
beans. This fiber lessens the digestibility of the beans, by 
preventing the solvent action of the digestive fluids. 
The treatment with soda and the removal of the skins 
changed the chemical and physical composition of the beans 
so that they were more completely and readily digested. 

With the removal of the skins, a part of the germ or 
embryo is also removed. In the analysis of the bean skins 
reported, no attempt was made to separate the germ fi-om 
the skins. They were taken as they would ordinarily be re- 
moved by the process described. The nutrients that are 
present in the bean germ are quite different fi'om those in the 
main part of the bean. The nitrogenous material in the 
bean germ readily ferments and jwroduces gaseous products, 
in fact, the most fermentable parts of the bean are the 
skin and germ. Experiments with the skins showed that 
sulfiiretted products are among the gases formed from 
fermentation of the bean skin and germ. The presence of the 
skin and germ undoubtedly is one reason why beans finequent- 
ly cause so much trouble during digestion by the formation 
of gas in the intestines, and hence their removal in cooking 
will, to a great extent, prevent flatulence. There is a diflfcr- 
ence as to the readiness with which different kinds of beans 
yield to the treatment of soda and hot water for the re- 
moval of the skins. The skins of some beans, particularly 
old ones, can be removed only with difficulty, while others 
even of the same variety readily yield to the parboiling treat- 
ment. In the case of old beans, longer boiling (a half hour) 
and more soda (one teaspoonful) were found necessary. A 
large amount of water is not necessary for the removal of 
the skins, but it is quite essential that the water should 
be boiling when the beans are added and that the boiling 
should be continued vigorously for about twenty minutes. 

Comparative Composition of Raw and Baked Beans. 
Since, in the process of baking, a large amount of water is 
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used, the skins are removed and sd^lt and fat are added, raw 
and baked beans have a different percentage composition- 
While the raw beans contain about 12 per cent water, the' 
baked beans may contain from 68 to 73 per cent water. 
The salt and small amount of soda used in the cooking of 
the beans increases the percentage amount of ash or mineral 
matter, while the fat that is added increases the percentage 
of that nutrient. The removal of the skins reduces the per- 
centage of crude fiber and carbohydrates and, to a slight ex- 
tent, of other nutrients. The relative composition of raw 




A. Raw Beans. B. Cooked Beans. 

Pig. No. 86. Comparative composition of raw and cooked beans, showing the 
influence of the removal of the skins upon the reduction of the fiber content and the 
effect of the addition of water, salt, and fat in cooking. 

and baked beans can be observed in the illustration, Fig. 
No. 86. It will be seen that the raw beans do not quite fill 
half of crock A; but because of the additional amount of 
water that has been added the same amount of beans, when 
baked nearly fills crock B. The removal of the skins results 
in the loss of about 6.5 per cent of the total dry material of 
the original beans. This loss is largely crude fiber which is 
present to the extent of about 40 per cent in the skins. In 
raw beans the amount of fat is about 1.5 per cent while in 
the baked beans the amount may range from 2 to 7 per cent 
of the dry matter according to the amount that has been 
added. The dry matter removed in the skins is about equal 
in amount but inferior in value to the fat added in baking. 
The relative amounts of crude protein in the raw and baked 
beans are about the same, when the two are compared on 
the basis of the dry matter. 
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Digestible Nutrients in Beans, In the following table 
(No.l5)tlie total and digestible nutrients in beans are given. 
The digestible nutrients are obtained by multiplying the per 
cent of each nutrient by its digestion coefficient as obtained 
in these digestion experiments. For example, the beans used 
contained 59.50 per cent of carbohydrates; the digestion ex- 
periments show that 96.19 per cent of the carbohydrates 
were digested, hence the beans contained 57.23 per cent di- 
gestible carbohydrates. (59.50 x .9619 - 57.23). 

TABLE No. 15— Total and Digrestible Nutrients in Beans. 





Total 
Nutrient*. 


Dlgrestible 
Nutrients. 


Dry Matter 


Per Cent. 

86.68 

23 7S 

1.71 

69.60 


Per Cent. 
80.62 


Crtide Protein 


19.06 


Bther Extract 


1.87 


Carbohydrates 


67.28 



If a measure were fill- 
ed with dry beans and all 
of the water, ash, protein, 
ether extract and car- 
bohydrates were separat- 
ed they would fill the 
parts of the measure as 
indicated in Fig. No. 87. 
The dark or shaded part 
represents the indigest- 
ible portions of the var- 
ious nutrients. 

Influence of the re- 
moval of the Skins of 
Beans Upon Tbeir Digesti- 
bility. In order to deter- 
mine the influence which 
the skins of beans exert 
upon their digestibility, 
three lots of beans were 
prepared in the following 
way: one lot of 300 grams 




Gf\rliokuar«iieft 






Fig. No. 87. The Composition of Beans. 

[If a measure were filled with beans and all of 
the water, ash, pM>teln, ether extract, and car- 
bohydrates were separated they would fill the 
parts of the measure as Indicated in the fi^nrt. 
The dark or shaded pUrt represents the indite 
tible portion of the Yarlous nutrients.] 
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was parboiled with water and soda, then treated with cold 
water and rubbed to remove the skins and finally baked. 
Lot No. 2 was parboiled and the same amount of soda was 
added but the skins were not removed. Lot No. 3 was 
placed directly into the oven without parboiling or remov- 
ing the skins and no soda was used. The beans were all 
baked in the same way for about 18 hours, and the same 
amounts of salt and butter were used in all alike. A sample 
of each lot of beans together with a sample oi dried bean 
skins were subjected to artificial digestion with pepsin, 
diastase and pancreatin solutions. A weighed quantity of 
the beans was placed in a flask and digested in an acid pepsin 
solution at a temperature of 98.5 degrees F. for four hours; 
this was followed by a second digestion with a diastase 
solution, prepared firom malted barley, to remove the starch 
so that the alkaline pancreatin solution would have abetter 
opportunity to act upon the protein. The amount of protein 
which tailed to dissolve by joint action ol the acid pepsin 
and alkaline pancreatin solutions was determined in each of 
of the four samples. The results are given in the following 

table: 

TABLE No. 16— Digestibility of Beans in Pepsin-Pancreatin 

Solutions. 



Lot 1. Beans skins remored by parboiling 
and use of soda 

lK>t 2. Beans with skins, parboiled and 
soda used 

Lot 8. Beans baked without parboiling 
and no soda used 



Beans 
Used. 



grams 
12.2 

10.0 

10.0 



Dry 
matter 



grams 
4.60 

8.87 

4.33 



Nitro 
gen 



grams 
.87 

.161 

.104 



insol'le 
Nitro- 
gen 



grams 
.108 

.117 

.100 



soluble 

Nitro- 

gen 



perc't 
42.28 

27.38 

8.86 



While the results obtained by digestion with pepsin, 
pancreatin and diastase solutions are not comparable with 
those obtained by the natural digestion process, they repre- 
sent with a fair degree of accuracy the ease with which beans 
prepared in the different ways undergo digestion. Ordinari- 
ly it takes twenty-four hours for food to pass through the 
digestive tract. In the artificial digestion experiments the 
ferment solutions acted upon the beans for about twelve 
hours. In the natural digestion process 80.22 per cent of 
the total protein was digested, while in the artificial diges- 
tion trials 42.25 per cent was rendered soluble. 
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The artificial digestion experiments showed that when 
the skins of the beans were removed nearly 25 per cent more 
protein was digested than when the skins were present. 
When the beans were not parboiled only a very small amotmt 
of protein was dissolved (3.85 per cent). The results show 
that the removal of the bean skins renders the protein more 
soluble in acid pepsin and alkaline pancreatin solutions. 
These are the same solvents present in the digestive tract. 

Cost of Nutrients in Beans, The value of any food de- 
pends not only upon its composition and digestibility but 
also upon its market value or cost. The price of beans has 
usually ranged firom three to six cents per pound. A pound 
of beans contains about four fifths of a pound of digestible 
dry matter which is approximately one fourth digestible 
protein and three fifths digestible carbohydrates. At five 
cents per pound about a fifth of a potmd of protein and some- 
what less than three fifths of a pound of digestible 
carbohydrates can be procured. In the case of wheat flour, 
commeal and oatmeal, a larger amount of digestible car- 
bohydrates can be secured, but, in all of these foods, there is 
less digestible protein. There is no other vegetable food 
which will supply digestible protein in such large amounts 
at such a low cost as beans. There is nearly a fourth of a 
pound more protein in beans than in beef. Beans, peas and 
other legumes are the only vegetable foods which contain as 
much or more protein than beef, fish or meats in general. In 
many European countries, beans are used quite extensively 
to take the place, in a ration, of beef and other meats. 

Character of Nutrients in Beans, In the common navy 
beans, about 50 per cent of the nutrients are carbohydrates, 
the main portion of the carbohydrates being in the form of 
starch. Bean starch granules, compared with those of 
cereals, are quite large, and when examined under the 
microscope resemble, to a slight extent, coffee berries, while 
some resemble lumps of dough moulded for rolls. Fig. No. 
88 is a micro-photograph of the bean starch granules taken 
by Mr. Hummel, assistant chemist. The bean starch 
granules are fi-om three to five times larger than the starch 
granules of the cereals as wheat, barley and com. Bean 
starch has distinct form and markings which enable it to 
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be readily detected from other starch. The amount of erode 
fiber in beans ranges between qnite wide limits, the average 
bean containing about 7 per cent, the larger portion of which, 
is present in the skins. 

The ether extract of beans consists only in part of pure 
fat; according to Stellwagg, it is less than 60 per cent pure 
fat. A portion of the ether extract is in the form of lecithin, 
a componod containing both nitrogen and phosphorus. 
The amount of lecithin in the beans used in these experiments 
was determined by extracting the material with ether and 
then with alcohol, and determining the posphoric acid con- 
tent of the ether soluble portion; as the resnit of this determi- 
nation .32 per cent lecithin was obtained. The nitrogen 
content of the ether extract was also determined and found 



Fig. No. 88. Micro- photograph of Bean Starch. il2S. 

to be .05 per cent. If all of this nitrogen were present as 
lecithin, there would be .69 per cent but there are 
other compounds besides lecithin containing nitrogen in the 
ether extract of beans. Since beans contain but little ether 
extract, compared with cereals and other foods, and abont 
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one third is in the form of lecithin, and an additional amount 
of the ether extract is present in the form of free fatty acids, 
it is evident that the actual amount of pure fat in beans is 
very small. The caloric value of the bean ether extract was 
determined by combustion in the bomb calorimeter, described 
in the aiiicle on butter. The results obtained were 9.42 and 
9.39 calories per gram of ether extract. Since fats yield 
from 9.2 to 9.5 calorics per gram, it would appear that 
while the ether extract of beans may contain an appreciable 
amount of lecithin and free fatty acids, the caloric value or 
heat producing power is practically the same as for pure 
fatty materials. 

The small amount of fat in beans and the relatively large 
amount of proteid material necessitate the use of fat in the 
preparation of beans as food. As previously stated, the fat 
which is added in the baking has a tendency to render the 
protein and other nutrients more digestible and available. 

The ash or mineral matter in beans is characteristically 
diflFerent from that of the cereals. In cereals, the ash con- 
sists largely of phosphoric acid, potash and magnesia, while 
in bean ash there is somewhat less phosphoric acid and more 
potash and alkaline matter. Since beans contain so much 
protein there is a larger amount of sulfur in the ash than in 
the case of the cereals, this is because sulfur is one of the 
elements contained in protein. 

In beans, the nutrients, as a whole, are somewhat differ- 
ent in character from the same class of nutrients in cereals; 
the protein compounds are largely in the form of legumin in- 
stead of glutens; the ether extract contains lecithin and free 
fatty acids; the nitrogen free extract consists largely of 
bean starch which is characteristically different and forms 
larger granules from that found in the cereals, while the ash 
is richer in potash and alkaline compounds and sulfur. It is 
evident when beans form a portion of the diet .that a differ- 
ent class and character of nutrients are supplied to the body 
than when only tfereal products are used. 

Amount of Beans in a Ration, In these digestion experi- 
ments, the men consumed about 500 grams or 1.1 pounds of 
baked beans daily. This is equivalent to about 7 ounces of 
raw beans. These experiments indicate that in an ordinary 
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ration with four or five other food articles, not more than 
4 ounces per day of uncooked beans or 6 ounces of baked 
beans should be consumed. Four ounces or a quarter of a 
pound of uncooked beans will furnish about .05 of a pound 
of digestible protein and .15 of a pound digestible carbohy- 
drates. An average ration should contain from .20 to .30 
of a pound, per day, of digestible protein and .7 of a pound 
to one pound carbohydrates depending upon the nature and 
amount of work performed. Hence a quarter of a pound of 
beans would fiimish about one fifth of the total protein of 
the ration. Beans are valuable not only for the digestible 



Pis. No. 89. SbowlnstnQuence ot ptu-bolUns and remOTal oraklnsfrom beanB.A, 
rawTjeann; B. beans after parboiling, iklns rcmoTed, ataowing IncreaK In volnme 
due to water absorbed 1 C, moist bean skins removed from A; U. thedi7 bean skins. 

protein which they contain, but also for the starch and car- 
bohydrates which are more digestible than the protein com- 
pounds. 

Notes on the Uses of Beans in the Dietary. The way in 
which beans are prepared as food has a great influence upon 
their digestibility and the ease with which they undergo the 
digestive processes. In these experiments, 80. 22percent of 
the protein and 96.2 per cent of the total carbohydrates 
^pere digested. If, however, the bean skins had not been re- 
moved this high degree of digestibility of proteids and carbo- 
hydrates could not have beensecured. Beanscontain a high 
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per cent of crude fiber, a large portion of which was remov- 
ed in the skins. Digestion experiments have shown that the 
crude fiber of the vegetable foods has a low degree of diges- 
tibility. The high degree of digestibility secured in these ex- 
periments was due to the absence of the skins which carried 
nearly 40 per cent of crude fiber. Many vegetable foods con- 
tain so much cellulose or crude fiber as to reduce their food 
value because the nutrients are enclosed within the cellular 
tissues which renders them more indigestible because they 
are not so readily acted upon by the digestive fluids. 

While beans are a valuable food, there are certain limits 
between which they can be used to advantage in the dietary. 
As previously stated, the nutrients in beans are different in 
character fi-om the same class of nutrients in cereals and 
other vegetable foods; and are not as readily digested as 
those of many of the cereals. Hence beans are suitable for 
persons engaged in active outdoor work rather than for 
those of sedentary habits of life. Beans, when properly 
cooked, should not, however, be entirely excluded Jfrom the 
dietary of those of sedentary habits, but they cannot form 
such a large part of the ration as in the case of the active 
working man leading an outdoor life. 

SUMMARY. 

(1) Beans were found to be more digestible when com- 
bined in a ration with milk, butter and other foods, and the 
highest degree of digestibility was secured in a mixed ration. 

(2) The carbohydrate nutrients of beans were found to 
be more digestible than any of the other nutrients. The 
protein was the most variable in digestibility; its range of 
digestibility varying between 72,26 and 86.81 per cent. 

(3) When soda was used in the preparation of the beans 
it was found that 84 per cent of the soda remained in chemi- 
cal combination with the proteid material, and 16 per cent 
was removed in the drain water. Less than .66 of one per 
cent of the total nitrogen of beans was lost in the water 
used in parboiling, while 99.33 per cent of the total protein 
remained in the beans. 

(4) When the skins of beans were removed by parboil- 
ing in water containing a little soda about 6.5 per cent of 
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the total dry matter of the beans was removed in the skins. 
The skins contained a large amount of crude fiber and a 
relatively small amount of protein, about three per cent of 
the total protein in the beans was removed in the skins. 

(5) When the skins of beans were removed there was 
less tendency for the formation of gas in the intestines dur- 
ing digestion. A small amount of germ adhered to and was 
removed with the skins; the germ and skin are the parts of 
the bean which are the most fermentable and produce sulfur- 
etted gaseous products during digestion. 

(6) Beans contain a large amount of protein and a 
small amount of fat. Hence, in their preparation as human 
food, fat is necessary in order to make a more balanced food. 

(7) When the skins of the beans were removed, the 
beans were more readily acted upon by digestive solvents as 
pepsin, diastase, and pancreatin. In twelve hours, twenty- 
five per cent more of the protein nutrient was digested 
when the skins of the beans were removed than when the 
beans were baked in a similar way without the removal of 
the skins. 

(8) At ordinary prices, beans are one of the cheapest 
foods for supplying protein in rations. A pound of beans 
costing five cents contained about a fifth of a pound of 
digestible protein and somewhat less than three fifths of a 
pound of digestible carbohydrates, mainly in the form of 
starch. 

(9) The nutrients in beans are different in character 
from the same class of nutrients in cereal foods. The protein 
in beans is mainly in the form of legumin, while that in the 
cereals is in the form of glutens. Bean starch granules arc 
larger in size and differ in microscopic structure from the 
cereal starch granules. Beans contain only a small amount 
of ether extract, a portion of which is in the form of lecithin 
and free fatty acids. The ether extract from beans, however, 
has about the same caloric or heat producing power as the 
ether extract from other foods. 

(10) In these experiments, over a pound of baked beans 
was consumed per day by men engaged, part of the time, in 
active outdoor work. It is believed, however, that not more 
than four ounces of uncooked beans or six ounces of baked 
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beans should be consumed in the daily ration. While beans 
are slow of digestion, they cannot be considered as indigesti- 
ble when the availability or total amount of nutrients 
actually utilized by the body is considered. In these experi- 
ments, over 90 per cent of the dry matter in the beans was 
digested end utilized by the body. 



THE DIGESTIBILITY OF BUTTER AND OLEOMAR-, 

GARINE. 

Nature of the Work, Four digestion experiments with men 
were made to determine the comparative digestibility ofbutter 
and oleomargarine. In two of the experiments the ration con- 
sisted of beans, skim milk, oleomargarine and bread, similar 
to that used in the digestion experiment with beans. The 
experiments lasted two days and were then followed by 
similar experiments in which butter was substituted for 
oleomargarine. In the making of the bread and the baking 
of the beans, a known amount of oleomargarine was used 
in the first two experiments and a known amount of butter 
in the second two. The rations were alike in every respect 
except that during the two days of the first experiments 
oleomargarine was used in place of butter in the second 
experiments. The main source of the fat in the rations was 
butter or oleomargarine. The amount of fat in the skim 
milk used was small and the amount of fat supplied to the 
ration firom the bread, other than that used in its making, 
was small. The object of these experiments was to deter- 
mine the amount of energy actually available to the body 
from butter and from oleomargarine. 

Caloric Value of Foods. Since the methods of chemical 
analysis do not allow as accurate determination of the 
amount of fat in foods as could be desired, it was deemed 
advisable in these experiments to base the comparisons be- 
tween butter and oleomargarine entirely upon the energy 
actually available to the body. This energy is determined 
and measured by the calorimeter, and is expressed in terms 
of calories or heat units. The determination of the caloric or 
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heat prodncing valne 
of foods is one of the 
most accurate determi- 
ations in chemestry. 
A Berthelot calori- 
meter, modified by 
At water and Woods 
was used in these 
experiments. The com- 
plete apparatus is 
shown in Fig, No. 90. 
It consists of a steel 
bomb that is placed in 
a metal cyhnder (Q) 
Fig. 91. (This illustra- 
tion. No. 91, is from 
Conn. Storrs, Annual 
Repbrt for 1897.) The 
bomb is surrounded by 
water as indicated in 
the illustration, and 
the cyhnder containing 
the bomb and water, 
is placed within a 
double walled fiber re- 
ceptacle, (T and U). 

The bomb itself consists of three parts; the cylinder which is 
lined with platinnm, the cover, and a collar to hold the 
cover in place and tightly seal the bomb. These three parts 
of the apparatus are shown in Fig. 92. 

The principle involved in determining the caloric 
value of a food is simple, A weighed quantity of the 
substance is burned in the calorimeter and the rise in tem- 
perature of the water that surrounds the calorimeter is 
noted. The combustion is carried on in an atmosphere of 
oxygen so as to be complete and all means possible are era- 
ployed to secure accuracy of the results. The substance 
to be burned, if it is a material like fiour, is made into a 
pellet by means of a press which exerts a power of about 
10,000 pounds per square inch. (See Figure 94.) The ob- 
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jectofmakiiig the material into the pellet is SO that it will 
form a compact mass and bum evenly and not be scattered 
about in the calorimeter cylinder and 
be only partially burned. The pellet 
is placed in the small platinum cmci' 



PlK. No. 91. The Boml 
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ble (O). Pig. 91. This crucible issupported byplatinuin wire» 
attached to the cover of the calorimeter. Above the crucible 
a small coil of fine iron ■wire is stretched from the 
platinum wires. The cover is then screwed tightly upon the 
cylinder of the bomb and oxygen is admitted from an oxygen 
tank under pressure through valve (G)of the cover until a 
pressure of twenty atmospheres is secured, when the valveia 
securely closed. The bomb with the substance to be burned 
and charged with oxygen is placed in the metal cylinder (Q) 
containing a definite quantity of water, the temperature of 
which is carehdly determined by means of a thermometer 
that reads to .005 of a degree C. The water is kept at an 
even temperature by means of the metal stirrer (S S) operat- 
ed by a water motar. A connection is made with a storage 
battery which ignites the small iron wire that is suspended 
above the substance. The burning wire falls upon and 
ignites the material in the platinum crucible (O). The heat 



Fig. No. 92, Part of Bomb Calorimeter nnd acceaaories. A. pellet raonld. B. 
COTer to bomb. B. Platlnnm dlali holding aubstaacc burned. D, Collar. B. 
Steel bomb— platlnnm lined. 

from the combustion of the material raises the temperature 
of the water in the calorimeter cylinder. A number of read- 
ings are taken so as to secure the actual rise in temperature, 
caused by the combustion of the substance. Due allowances 
are made for the heat contributed by the combustion of the 
iron wire, the heat absorbed by the steel bomb and also for 
other factors that are known and under control. The heat 
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that is produced is expressed in terms of 
calories. A calory is the amount of heat 
required to raise the temperature of a 
kilogram of water one degreeC. or apound 
of Tvater nearly four degrees on the Fah- 
renheit scale. 

Object of Determining the Caloric 
Value of Foods, — One of the fonctions of 
the nutrients of foods is to produce heat 
■within the body. The object of a calori- 
meter determination is to ftscerteun the 
amount of heat which a food or a nutrient 
is capable of producing. Sincea portionof 
the food fails to undergo complete diges- 
tion, the total amount of heat that is pro- 
duced by the combustion of a food in the 
calorimeter does not represent the amount 
of heat secured by the body from the diges- 
tion of the food; but when also the amount pis.Na.03. ogTen 
of heat produced by the undigested per- SSriS^'bom""^" 
tion or feces is determined as well as the 
amount of heat that is present in the organic compounds 
as urea of the urine, the amount that is actually available 
for the use of the body is capable of being determined with a 
high degree of accuracy. In these experiments, the totsil 
amount of heat units in the separate foods consumed was 
determined and also the amount in the indigestible parts 
of the foods. The difiference between the total amount of 
calories in the food and that which is indigestible, including 
the organic compounds of the urine, gives the amount avail- 
able to the body. 

Since the chemical methods for the determination of fat 
do not admit of as high a degree of accuracy as could be de- 
sired, it is not possible, by ordinary crude fat determinations, 
to obtain absolutely the digestibility of butter or oleomar- 
garine, but since thecalorimeter is capable of determining 
accurately the number of calories a substance yields it is 
thus possible to ascertain the completeness of the combustion 
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or oxidation of food within the body. In these experiments 
theamotint of fat or ether extract was determined in the 
ordinary way, but in the discussion of the results, the avail- 
ability of the energy as obtained by the calorimeter, is taken 
as the standard for comparison. , 




Fix* ^o* ^^' Press used for making the pellet for comlbtistlon. 

Comparative Composition and Digestibility of Butter 
and Oleomargarine.— The experiments were performed under 
conditions similar to those with bread, milk and beans. 
The same men were employed but Man No. 1, because of 
sickness, did not complete thie second half of the experiment, 
that in which butter was used. The oleomargariiie was of 
good quality and was obtained in the open market. The 
butter was made at the Experiment Station and was high 
grade June butter. The men were not restricted as to the 
quantity of either butter or oleomargarine consumed, but a 
record was kept of the amount eaten at each meal and also 
of the total amount for the period of the experiment. An 
average of four ounces per day of butter, and three ounces 
per day of oleomargarine was consumed. 

TABLE No. 17. — Composition of Butter and Oleomarg^arine. 





Butter 
Per Cent. 


Oleomar- 
garine 
Per Cent. 


Water 


13.21 

83.14 

.48 

HA7 


11.06 


Pat 


86.91 


Crude Protdn 


1.67 


Ash 


1.87 
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While butter and oleomargarine have a somewhat similar 
general composition, the character of the fats in the two is 
materially (HflFerent. As is well known, butter contains the 
characteristic fat, butterine, which is not present in oleomar- 
gaxine; the amounts of stearine and olein fats in the two are 
also diflferent. The oleomargarine used contained but little 
volatile fatty acids. Oleomargarine is made chiefly from 
beef fat, tallow, cottonseed oil, etc., which are put through 
a refining process, churned with sweet milk, colored and 
made to resemble butter in appearance. 

At the time of the experiment only one of the men was 
aware that oleomargarine was used in the ration. They 
knew^ that oleomargarine was to be used during the experi- 
ment but were not informed as to the time. One of the men 
commented upon the quality of the oleomargarine by saying 
that it was a **real good quality of butter.'* The results of 
the digestion experiments are given in the following tables: 
TABLE No. 18.->Digre8tibmty of Ration With Butter. 





Protdn 
Per Cent 


Pat 
Per Cent 


Carbohy- 
drates 
Per Cent 


Available 
Calories 


Man 2... 

ManS.. « , 


92.71 
86.61 
89.66 


96.46 
94.63 
96.64 


97.00 
96.94 
96.97 


91.80 
92.33 


Averaxe 


92.06 







Proportion of energy actually available to body in butter. 

Calories. 

Man 2 98.79 

Man 3 98.21 

Average 98.50 

TABI4E No. 10.— Digestibility of Ration With Oleomargarine. 





Protein 
Per Cent 


Pat 
Per Cent 


Carbohy- 
drates 
Per Cent 


Arallable 
Calories 


Man 2 


91.69 
84.12 
87.90 


94.61 
93.79 
94.20 


97.01 
97.02 
97.01 


90.71 


Man 3 


91.89 


Axerag^e 


91.30 









Proportion of energy actually available to body in 
oleomargarine. 

Calories. 

Man 2 97.54 

Man 3 97.21 

Average 97.37 
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Discussion of Results. — From the tables it will be 
obserYed that in the ration with butter, the crude fat was 
95.54 per cent digestible and 92.06 per cent of the total 
caloric value of the ration was available to the body. In 
previous experiments, it was found that 88.8 per cent of the 
energy measured as calories in the bread, milk and beans 
was digested and available to the body. In the same ration 
in which oleomargarine took the place of butter, crude fat 
was 94.2 per cent digestible and 91.3 per cent of the total 
calories were available to the body. When the availability 
of the energy from the butter alone was calculated, an aver- 
age of 98.5 per cent was found available and of the oleomar- 
garine 97.37 per cent. While the diflference in digestibility is 
not large, it is in favor of the butter to the extent of 1.13 
per cent. 

In these digestion experiments it appeared that not only 
was the energy from the butter more available to the body 
but also the protein was more available to the extent of 
1.76 per cent in the ration that contained butter instead of 
oleomargarine. 

Similar digestion experiments with butter and oleomar- 
garine were made by Mayer at Wageningen in Holland, in 
which the ration consisted of bread, x>^as, potatoes, con- 
densed milk, egg albumin, sugar and cheese. Mayer's re- 
sults show that 98.7 per cent of the butter was digested and 
when oleomargarine was substituted for butter 96.7 per 
cent of the oleomargarine was digested. The butter was 
found to be two per cent more digestible than oleomargarine 
(Bui. No. 21. U. S. Dept. Agri. Office of Experiment Stations.) 
While the difiference in the digestibility between butter and 
oleomargarine is not large, it is in favor of the butter. Mayer 
concluded that the butter of the ration was entirely digest- 
ed, that the small amount of indigestible ether extract con- 
sisted of biliary coloring matters and impurities, and that 
the butter fat itself was all assimilated. 

Food Value of Butter. — These experiments show that 
butter has a high degree of digestibility. Of the total energy 
or fuel value of the butter consumed, 98.5 per cent was avail- 
able to the body, and only one and a half per cent failed to 
undergo digestion or oxidation. The part which failed to 
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undergo digestion probably consisted largely of casein and 
non fatty materials; the butter used in these experiments^ 
contaiaed 3.65 per cent of ash and casein. The pure butter 
fet itself haa undoubtedly even a higher degree of digestibiU 
ity than btttt^ containing 4 or 5 per cent ofnon fatty solids. 
When btittw is used as human food practically all of the 
butter fat is available to the body for the production of heat 
and energy. 

Oleomargarine and Butter, — ^It is often difficult without 
resorting to chemical tests to distinguish oleomargarine 
from butter. When sold as butter and at the same price as^ 
it freqti€frtly is, it is a dishonest competitor for it is then pur-^ 
chaserfby persons who prefer to use pure butter; and they 
are denied the privilege of purchasing what they desire 
Oleomargarine, is not as digestible as butter. The fact 
that it cannot be readily distinguished from butter em- 
phasizes the importance of some distinguishing feature to 
prevent its being sold as butter. 

CHEESE. 

Nature of the Work, — Three digestion experiments were 

undertaken to determine the digestibility and nutritive value 

of cheese. The ration consisted of cheese, and bread and 

milk. For the purpose of this investigation a large amount 

of cheese was consumed, three fourths of a pound per day^ 

which resulted unsatisfactorily in two of the experiments, 
as the ration proved to be very constipating in character. 
The digestibility of bread and milk had been determined in a 
former experiment with the same subject. 

Composition of Cheese, — The best quality of Minnesota 
cheese, of good taste and flavor and well cured, was used. 
The analysis showed that the cheese had been made from a -> 
good qualitv of milk containing from four to four, and a hatf -V; 
per cent of fat. 

TABLE No. 20.— Composition of Cheese. 



•• • ^ 



Water 

Fat 

Carbohydrates , 

Protein 

Ash 



Pci»«ent 



34.38 
86.86 

1.71 
23.68 

3.38 
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Compared with other foods, cheese is characteristically 
rich in both fat and protein. Ordinary cheese is composed 
of about a third each of water and fat, and abont a fourth 
of its weight is crude protein in the form of casein. The 
mineral matter, milk, sugar, acids and other compounds 
present in small amounts make up the balfince of the com- 
position. The percentage amounts of protein and fat in 
cheese vary with the amount of water left in the cheese and 
the composition of the milk used. A large amount of water 
in the cheese decreases the amounts of both fat and protein, 
and a cheese made from poor milk contains proportionally 
less fat than one made from milk containing from four to 



PlK. No. 86. The Rtlative Compoiltlon of Milk, Ch«K and Batter. 

five per cent of fat. When properly made from a good qual- 
ity of milk, cheese is fairly constant in composition. 

Digestibility of Cheese. — Since only one digestion experi- 
ment was satisfactorily completed a detailed discussion is 
not attempted. The digestibility of the entire ration and of 
, the cheese alone are given in the following table: 
-'■.CABLE No.91.— Digestibilitv of Obeeae and Bread andUilk Bation. 





digested 


Pret. digt 

ofChe«e 

alone 




93.09 
96.SS 








C boh d te» 













The table shows that as far as completeness of digesti- 
bility is concerned, the nutrients of cheese have a high degree 
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of digestibility, the protein being 93.36 per cent and the fat 
94.50 per cent digestible. Ordinarily cheese is considered 
indigestible, but it is not indigestible in the sense of lack of 
completeness of the digestion processes. It is slow of digestion 
and has a tendency to cattse constipation if used in excessive 
amounts or if not properly combined with other foods. Ex- 
periments have shown that when cheese is used to the extent 
of one to three ounces per day, it does not unfavorably affect 
the digestion, but, if anything, it favorably influences the 
process of digestion. Koenig has shown that when cheese 
is consumed in small amounts with other foods it is valuable 
not only because of the nutrients present but because it 
tends to make the foods with which it is combined more 
digestible. He found that when cheese was added to a ra- 
tion consisting of maize (com) meal, the digestibility of the 
protein was increased from 58 to 93 per cent. 

Digestibility of Cheese in Pepsin and Pancreatin Solu- 
tions, — Experiments were made to determine the digestibil- 
ity of cheese in both pepsin and pancreatin solutions. Three 
samples of cheese were selected for this purpose, namely: the 
best quality of Minnesota, Wisconsin and New York cheese 
that could be obtained in the market. ^ The cheese samples 
^^rere found to have the following composition upon 
analysis: 

Water Protein Fat in Dry Matter 

Per cent Per cent Per cent 

Minnesota 28.66 23.56 47.84 

Wisconsin.. 32.18 21.98 47.40 

New York 30.37 24.61 45.40 

The methods for determining the digestibility of a food 
in pepsin and pancreatin solutions are described on page 130 
of this bulletin. In brief the process consists in placing a 
weighed quantity of food, in a fine state of division, in con- 
tact with acid pepsin solution at a temperature of 98.6*^ F. 
for a given length of time. The pepsin solution is of about 
the same strength as that present in the stomach. The ob- 
ject is to determine the amount of protein peptonized, and 
the amount left in insoluble forms. After treatment with 
acid pepsin solution, the portion of the food that fails to 

Note — l Theae samples were selected and secured by Mr. W. W. p. McConnell, 
State Dairj and Pood Commissioner of Minnesota. 
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''dissolYe is treated with an alkaline pancreatin solution of 
about the same strength as that found in the pancreas and 
intestines. 

When the samples of cheese were subjected to the pepsin 
.and pancreatin digestion processes it was found that from 
-47.4 to 52.9 per cent of the total protein, namely, casein 
was digested and rendered soluble by the action of the peptic 
ferments, and that from 44 to 49.2 per cent of the remaining 
protein was dissolved in the alkaUne pancreatin solution. 
^he results are given in the following tables: 

TABLE No. 22— Digrestibility of Cheese in Acid Pepsin Solution. 





Amount 
Ch'se used 
Grams 


Protein in 


Kind of Cheese 


Cheese 
Per cent 


indiges'ble 
Per cent 


Digested 
Per cent 


-1.. Minnesota 

S. Wisconsin 


5.06 
5.28 
5.06 


1.19 
1.16 
1.25 


.56 
.61 
.60 


52.9 

47.4 


S. New York 


52.0 






TABLE No. 23. Digestibilit 


y of Cheese in Alkaline Solution. 


Kind of Cheese 


Amount 

of Cheese 

Used 


Protein in 

Cheese 
Per cent 


Protein 

indigest 'le 

Per cent 


Digested 
Per cent 


1. Minnesota 


Grams 
5.10 

5.04 

5.03 


1.20 
1.11 
1.24 


.038 
.037 
.032 


96.9 


"2. Wisconsin 


96.6 


3. New York 


97.3 











The digestibility of cheese by the natural and artificial 
methods give nearly identical results. Man No. 3 digested 
^6.55 per cent of the cheese proteids while 96.9 per cent was 
digested by the pepsin and pancreatin solutions. This is a 
closer agreement than has been found in any other of these 
experiments. In some of the trials, notably with beans, the 
diflferences between the results obtained by the two methods 
were large. 

The digestion with pepsin and pancreatin solutions show 
that a large part of the work is carried on by the pancreatin 
:Solution. If the peptones present in the cheese were deducted 
it would be found that the larger part of the work of diges- 
Hon takes place in the alkaline pancreatin solution. These 
artificial digestion trials emphasize the fact that the main 
-portion of the work of digestion of cheese is carried on in 
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the intestines rather than in the stomach. This is probably 
the reason why cheese is characterized as a "hearty food'' 
and frequently causes digestion troubles when eaten. In 
such cases the amount of cheese consumed should be reduced 
to correspond with the digestive capacity of the individual. 
GSieese should be consumed in small amounts and by so doing 
the digestive powers of an individual can be strengthend and 
not impaired. 

Cost of Nutrients in Cheese, — Cheese should be used in 
the dietary regularly and in reasonable amounts, rather 
than irregularly and then in large amounts as it frequently is. 
Cheese is not a luxury, but ordinarily it is one of the cheap- 
est and most nutritious human foods that can be procured. 
A pound of cheese, costing fifteen cents, will contain nearly a 
quarter of a pound of protein and over a third of a pound of 
fat. For the same amount of money it is possible to secure 
a larger amount of digestible nutrients and available energy 
firom cheese costing fifteen cents a pound than from meats 
costing ten cents per pound. In the use of cheese in the diet- 
ary, the same precautions should be observed as are exercis- 
ed by successftil feeders of animals, namely: to begin gradu- 
ally and not to use a concentrated food in excessive amounts. 
The amount of cheese that can be used in a ration can be 
determined only by the individual. ~ . i 

THE DIGESTIBILITY AND FOOD VALUE OF OAT- 
MEAL.* 

Nature of the Work. —Four digestion experiments were 
made to determine the digestibility and nutritive value of 
oatmeal. Rolled oats of good quality, obtained in bulk, 
were used in the digestion and cooking experiments. For 
the digestion experiments the oattneal was prepared by cook- 
ing a weighed quantity of rolled oats for four hours in a 
double boiler. The influence of long and short periods of 
cooking upon the composition and solubility of the nutrients 
of oatmeal was also studied. The use of oatmeal in the diet- 
ary, and the cost of nutrients in oatmeal are considered. 

* A part of this subject is reported in U. S. Dcpt, Agr., Office of Bxperimcnt Sta- 
tions, Bui. No. 101, which srives full details of the dii:estibility of oatmeal. 
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Composition of Rolled Oats.— The oats used had the fol- 
lowing composition. 

Per Cent 

Water 5.97 

Ash 1.87 

Protein 18.13 

Fat 7.30 

Carbohydrates 66.73 

As a food, rolled oats are characteristically rich in crude 
protein and fat; there are larger amounts of these two 
nutrients in rolled oats and oatmeal than are present in 
nearly any other cereal product. There are less carbohy- 
drates in oatmeal than in average cereals, and of the car- 
0^ -^ o bohydrates about one 

^ «»^x:^ ^ ^/^Sb*^ ^^ percent is crude fiber. 
$jf^ J Ol^ ffi^ "^ The main portion of 

7L^^*\/QkH Z^ « .*i^ the carbohydrates of 

(O ^ o • Orw^ y^ At>s oatmeal is m the form 

^ A^<i ^ d5SjO\ • ^ rw of oat starch. See Fig. 
^ • ^o^Xii/^.K^i o ^^ ^or illustration of 

^^^ ? ."* o ^^ I ^ A^ the charaxrteristics of 

y^SSx® ^ T7^ <>K ^c?2^ ^^^ starch. 

^ ^^'"^ • '^ O O Digestibility of Oat- 

-TN ^ ^^9G2>^^ « >, ^r,^ • ^.r-rs meai. — ^In two of the 

qO • <jy t^ tRjS . ^wv J'^tions oatmeal and 

^ ** .®U o ^S^X^ ^^jSto milkwereused in large 

'^f^.o^'^^0 • ^<>^ ^ .-^ amounts; in fact an 

Q*L 05 ^ ^ ® c> a> eflfort was made to con- 

^ sume as much of these 

Pig. No. 96. Oat starch Granules, foods aS pOSSiblc; in 

i:wo other trials,oatmeal and milk were used in more moderate 
amounts. The object of these two series of tests was to de- 
termine the influence which large and small amounts of the 
same kind of foods would have upon the completeness of 
•digestion. The men, while engaged in the experiment, 
were employed at average farm labor. The large ration 
gave some discomfort in its digestion but the more moderate 
ration was digested without any inconvenience, in fact, the 
subjects stated that they were better able to perform their 
work on the oatmeal and milk ration, and with a ^rreater 
^degree of comfort than when any other two articles of food 
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\<rere used. The subjects, however, were both strong, healthy 
young men. The following results were obtained: 

TABLE No. 24.— DigestibiHtj of Oatmeal. 





Per Cent of Nutrients Dii^ested. 


Pull Ration. 


Protein 
Per cent 


BtherEx't 
Per cent 


Carbohy- 
drates 
Percent 


Available 
Energy 
Per cent 


Man A 


82.7 
r9.4 
96. 
94.6 


68.9 
70.1 
91.7 
94.3 


94.4 
96.7 
97.2 
96.6 


86.5 


lilan B 


86.2 


Moderate Ration. 

Man A4 XX 


92.3 


M:an B .». 


91.4 







Discussion of Results. — These results show that when 
•oatmeal is used in reasonable amounts, the nutrients have a 
high de^ee of digestibility. When excessive amounts of food 
w^ere consumed, a smaller percent of all of the nutrients was 
•digested than when a moderate ration was used. As far as 
'Completeness of digestion is concerned, oatmeal appears to 
be a food that is quite completely digested. As in the case 
of experiments with other foods, particularly beans, a dif- 
ference was observed in the extent to which the various 
uutrieiits were digested by different individuals. Man A 
digested a larger amount of the protein nutrient but a small- 
.er amount of fat than nian B. There was less difference 
in the completeness of digestion of the carbohydrates than 
of any other nutrient. The figures given for the digestibility 
of oatmeal represent the extreme conditions that would 
be met with. In the case of the moderate ration, undoubt- 
-edly the smaller amounts of food consumed and the 
favorable action of the large amounts of milk taken have in- 
^creased the digestibility of , the various nutrients, making 
the figures as high as would be obtained for the digestiblity 
of oatmeal under favorable conditions. On the other hand, 
the figures obtained for the digestibility of the full or excess- 
ive ration are probably lower than under normal conditions 
because of the unfavorable influence which the large amount 
of food has exerted upon the completeness of the digestion 
process. Even on the basis of the digestible nutrients ob- 
tained in the full ration, oatmeal has a high de^ee of diges- 
tibility, as 81 per cent of protein, 70 per cent of fat, and 
;^5 per cent of the carbohydrates were completely digested. 
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The digestion experiments, as a whole, show that oatmeal, 
when properly cooked, is. a food with a large amount of 
digestible nutrients but it does not have the high food value 
which is frequently claimed by the manufacturers. 

Digestible Nutrients in Oatmea/.— Since oatmeal contains 
such relatively large amounts of protein and fat and these 
nutrients are quite completely digested, the total amounts 
of these njitrients available to the body are large. The total 
digestible nutrients are obtained by multiplying the percent- 
age amounts by the amount digested. The rolled oats con- 
tained 18.13 per cent crude protein of which 81 per cent was 
digested; this is equivalent to 14.68 per cent of digestible 
crude protein. (18.13 x 81=14.68) That is, in every 100 
pounds of rolled oats, as purchased, there are 18.13 pounds 
of the crude protein nutrient of which 14.68 pounds are 
digested and used by the body while 3.45 pounds are indi- 
gestible. Like calculations for the ether extract or crude fat 
show that there is 7.3 per cent of the nutrient present in 
the original food of which 5.1 pounds are digested, and 2.2 
pounds are undigested. The rolled oats contained 66.73 
per cent of carbohydrates, 95 per cent of which was digest- 
ed and 5 per cent was indigested. Oats, when used as 
human food, supply a large amount of both total and avail- 
able nutrients to the body. This high food value, however, 
was secured by thorough cooking of the oatmeal. 

Cost of Nutrients in Oatmeal. — ^When oatmeal or rolled 
oats are purchased in bulk a large amount of nutrients can 
be procured for a small sum. At three cents per pound, ten 
cents will procure three and one half times more protein and 
two and two thirds more fat and nearly ten times the energy 
that can be procured for the same sum invested in round 
steak at twelve cents per pound. Compared with meats 
oatmeal is a much cheaper food. Oatmeal contains nearly 
as much, pound for pound, of the protein nutrient as meats, 
and while it contains less fat, the diflference is more than 
made up by the carbohydrates which are present to the ex- 
tent of 65 per cent and more in oatmeal and arc present only 
in slight traces in meats. A pound of rolled oats, costing 
three cents, will contain about two ounces of digestible pro- 
tein, one half ounce of digestible fat, and about ten and a 
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tialf ottnces of digestible carbohydrates. In oatmeal there is 
^bout one part of digestible protein to every fifth and one 
^enth parts of non-nitrogenous material. This is a much 
larger proportional amount of protein than is found in 
•ordinary cereals or cereal products. 

Notes on the Use of Oatmeal in the Dietary, — Oatmeal is a 
ibod, like beans and cheese, slow of digestion and requiring 
much intestinal work for the digestion process. Therefore, 
like beans, it is not suitable in large amounts for an indi- 
vidual with weak digestion. As usually milled, rolled oats 
•contain some crude fiber, (1.1 per cent) which makes it a 
food that encourages peristaltic action, and henceitissligkt- 
ly laxative in character. Oatmeal requires thorough cook- 
ing, otherwise it is not easily digested; unless it is well pre- 
pared and thoroughly cooked it is not a suitable food for 
persons of sedentary habits; and if well prepared and 
thoroughly cooked is a much more suitable food for persons 
of all habits. 

As fi^equently prepared by cooking for a few minutes only, 
it is diflBcult to digest because of the large amounts of glutin- 
ous material which surround the starch grains and prevent 
their disintegration, except by long and thorough cooking. 
When thoroughly cooked the protecting action of the mucel- 
agenous proteid material is overcome, and the compound 
«tarch granules are sufficiently disintegrated to allow the 
digestive juices to act. The ease of digestion of oatmeal de- 
pends upon the completeness of the cooking process. This 
fact is particularly noticeable when the results of long and 
«hort periods of cooking are considered. 

Induence of Long and Short Periods of Cooking- Upon 
the Digestibility of the Nutrients of Oatmeal, — Experiments 
were made to determine the influence of long and short per- 
iods of cooking upon the digestibility of the nutrients of oat- 
meal. One lot of rolled oats was cooked for thirty minutes 
while another lot was cooked for four hours . The soluble car- 
bohydrates, and the water, salt, and alcohol proteids of the 
original rolled oats, and of the two lots of cooked oats were 
determined. The results, on the basis of the dry matter, arc 
given in the foUowng table. 
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TABUS No. 95. — ^Influence of Gk>oki2i8r Upon tho Solubili^ of the 

Nutrients of Oatmeal. 



Pint trial. 



Soluble Carbohydrates.. 
Water Soluble Nitrogen. 
Salt " " .... 



Alcohol •• " ... 

Second trial 
Soluble Carbohydrates. 



Water Soluble Nitrogen. 

Salt 

Alohol " 



<« 



Rolled 


Rolled Oats Cooked 


Oats 
Per cent 


30 min'tes 
Per cent 


4 honrs 
Per cent 


1.36 


1.89 


2.01 




.44 


,4-5 


.26 


.41 


.32 


.44 


.34 


.37 


1.36 


1.78 


1.91 
.43 


.26 


.34 


.32 


.44 


.41 


.37 . 



No material change in total solubility of the carbohy- 
drate and proteid nutrients was observed whether the rolled 
oats were cooked for one half or four hour periods. There 
was a slight increase in the soluble carbohydrates when the 
oats were cooked four hours, while the water, salt, and 
alcohol soluble nitrogen in the oatmeal cooked for one half 
and four hour periods are practically the same as in the 
original material. The cooking evidently has not materially 
changed the total solubility of the nutrients. 

While the nutrients of the rolled oats have not suflFered a 
measurable chemical change by the process of cooking the 
physical changes that have taken place have affected the 
composition of the material; while the starch has not been 
changed to soluble carbohydrates, it has undergone hydration 
and other changes so that chemical action can more readily 
take place. 

The disintegration of the rolled oats, and the hydration 
of the starch and proteids by prolonged cooking, have re- 
sulted in making the material more readily digested. This 
fact was observed when a dilute solution of malt was allow- 
ed to act upon rolled oats cooked for one half hour and four 
hour periods. When the rolled oats cooked for one half 
hour were acted upon by a malt solution for ten minutes 
6.11 per cent of starch was rendered soluble. When the 
same weight of rolled oats (dry matter basis) cooked for 
4 hours was acted upon by the malt solution for 10 minutes, 
20.36 per cent of the starch was dissolved. In the same 



FOOD VALUE OF OATMEAL 155 

leigth of time over 3.3 times more starch was rendered solu- 
ble by the action of malt upon the rolled oats cooked four 
hoars, than upon those cooked only one half hour. 

While the cooking of the rolled oats for four hours has 
not increased the percentage amounts of soluble carbohy- 
drates and proteids, it has changed the material physically 
so tlat it is more susceptible to the action of solvents. 
That is, when rolled oats are cooked for four hours the 
carbohydrates are more readily converted into soluble forms 
by the action of the diastase ferment than when the rolled 
oats are cooked for only one half hour. 



COMPARISON OF THE NUTRITIVE VALUES OF GRA- 
HAM, ENTIRE WHEAT, AND STANDARD 
PATENT ROLLER-PROCESS FLOURS.* 

Nature of the Work, — The food value of any material 
depends not only upon the amounts of nutrients which are 
present, as indicated by chemical analysis, but also upon the 
proportion of those nutrients which can be digested and 
and made available to the body. In order to determine and 
compare the actual nutritive values of graham, entire-wheat 
and standard patent roller-process flours, not only were 
complete analyses of these materials made and heats of com- 
bustion determined, but a series of digestion experiments 
with men were conducted, in which a considerable portion 
of the diet consisted of bread made of the different flours. It 
is to be observed that the **graham'' flour is unbolted wheat 
meal, while the so-called ** whole-wheat'^ or entire- wheat 
flour contains all of the kernel except a portion of the bran. 
The "patent," **straight" and clear grades of flour contain 
practically none of the bran or episperm and very little of 
of the germ or embryo of the wheat kernel. 

* The complete report upon this subject with analysis, tabular statements of re- 
sults and conclusions is given in bulletin No. 101, U. S. Dept. of Agriculture, office 
Bzperiment Stations, from which this summary of results is compiled. These di» 
gestion experiments were carried on under the supervision of the Office of Bzperi- 
ment Stations, U. S. Dept. of Agriculture, at the Chemical Laboratory of the Col- 
lege of Agriculture. University of Minnesota. 
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Flours all Milled From the Same Lot of IK&eat.— While 
ntimerous analyses have been made of different kinds of flour, 
and the digestibility of bread has been studied by several in- 
vestigators, the results, although valuable, were not suffici- 
ent for an accurate comparison of the nutritive values of 
different grades of flour in general because they were not all 
milled from the same lot of wheat and there was probably a 
considerable variation in the composition of the wheat from 
which the different flours were milled. Consequently in 
these investigations the different kinds of flour were all made 
from one lot of wheat. The protein in samples of flours pur- 
chased in the open market has been found to range from 7 
to 14 per cent. In some cases the proportion of protein is 
higher and in other cases lower in standard patent than m 
en tire- wheat or graham flours. That these differences in the 
protein content of different samples of flour are due to vari- 
ations in the composition of the wheat from which the var- 
ious flours were ground is indicated by the figures for 
analyses of wheat given in the report of Jenkins and Winton 
on the composition of American feeding stuffs. The average 
protein content of 310 samples of wheat is there given as 
11.9 per cent, the range being from 8.1 to 16.6 per cent. 
While such extreme variations are found occasionally, a 
range from 11 to 15 per cent is not exceptional. If wheat 
with 15 per cent of protein were made into ordinary white 
flour and wheat with 11 per cent of protein were made into 
entire- wheat or graham flour, the white flour would contain 
appreciably more protein than the entire-wheat or graham, 
but if the wheat with 15 per cent of protein were made into 
entire-wheat or graham flour and that with 11 per cent in- 
to ordinary white flour the result would be the reverse. 

It is evident from such facts as these that a fair compar- 
ison of the nutritive values of the different kinds of flour- 
graham, entire-wheat, and standard patent — can be made 
only when the three kinds of flour have been milled from the 
same lot of wheat. This was done in the investigations here 
reported, a hard, Scotch Fife spring wheat being used. 

Careful milling of the wheat so as to secure represent- 
ative samples of the three kinds of flour from the same lot 

NoTB — 1 U. 8. Dept. Agri., Office of Bxperlment Stations BuL 11. 
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•was of considerable importance. This work wasdoneunder 
th? supervision of Mr. C. E. Foster, of the Northwestern 
Consolidated Milling Company of Minneapolis, Minn., in 
one of the large mills of the company. Hard Scotch Fife 
spring wheat, plump and of good quaHty, w^eighing 60 lbs. 
per bu., was used; 72.6 per cent of the cleaned wheat was 
secured as straight grade patent flour, 

TABLE No. 36 — CompoBition of Wba&t and Flour Froducta. 





Water 
Percent 


Protein 
Percent 


Fat 

Percent 


Carbohy. 
drates 

Percent 


Asb 
Percent 




8.-U) 


13.66 
13.65 


3.36 

3.44 


74.69 
74 SH 




Grata&m flour 




61 


1.73 


Ed tire- wheat flour 


10 


SI 


13.26 


3.34 


73,67 


1.03 ■ 


StraJKhturftde or patent.. 


10 


54 


11.99 


1.61 


75 36 


.50 
















Second patentflour 


10 


4B 


11. M 


i.ao 


7B.J5 


.43 


Digestibility ofB 


read 


-c 


nly thi 


t porti 


on of the food 



that is digested is useful to the body as nourishment. For 



Pig. No. OT. Bread ftom 



A. Grahan, B, Bn tin- wheat. C, 



Standwrd Patent Flonr. 

an accurate comparison of the actual nutritive values of 



IW HUMAN FOOD INVESTIGATIONS. 

graham, entire-wheat, and standard patent flours it is nee- 
cessary to determine what proportions of the nutrients in 
each will be digested. To gain information on this point, 
a series of nine digestion experiments with three subjects 
was carried on, in which the diet consisted of milk and bread 
made from the different grades of flour. At the same time, 
to determine whether there is any difference in the digestibil- 
ity of different grades of patent flour, three experiments with 
another subject were made with first patent, second patent, 
and standard patent flours, instead of with graham, entire- 
wheat, and standard patent. The subjects .were young men 
in good health, designated in these experiitnents as Nos. 1. 2, 
3, and 4. In so far as possible, the experiments were alike, 
except as regards the kind of flouir from which the bread 
consumed was made. All the food consumed and feces ex- 
creted were weighed and samples analyzed. The separa- 
tion of the feces for the experimental period was made by the 
use of charcoal, which was given to the subjects in capsul^ 
with the last meal before and the first meal after each period; 
the charcoal coloring the feces. The digestibility of the 
bread and milk diet as a whole was measured by the differ- 
ence between the total nutrients in the diet and those in the 
feces. Then the digestibility of the nutrients in the bread 
alone was estimated. 

E^h experiment liasted two days, and was preceded by 
a preparatory meal similar to that eaten in the experiment 
proper. In each case the bread eaten consisted only of the 
moist crumb. It was found necessary to remove the crust, 
because when the latter was included accurate sampling of 
the bread was difficult, and the determinations of ether ex- 
tracts were interfered with. 

Summary of Results. — The following table summarizes 
the results of the digestibility of the bread alone: 
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TABLE No. 27— DigMtibiUty of Kutrients and AvaUabiUty of 

Energry of Bread Alone. 



Sub 
ject 
No. 


>• 

mnd of Food 


Protein 
Her cent 


Fat 
Percent 


Carbohy- 
drates 
Percent 


Energy 
Pdr cent 


1 


White bread (•tandard patent).. 


86.7 


65.2 


97.4 


90,0 


2 


Do 


86.3 


52.6 


97.9 


90.8 


3 


Do 


82.8 


51.3 


97.1 


89.5 




Averasreof 8 


85.3 


56.4 


97.5 


90,1 


1 


Entire-wheat bread 


78.1 


55.6 


935 


84.4 


3 


Do 


83.9 
79.1 


48.1 
63.6 


94.6 
94.1 


86.1 


3 


Do 


84.1 




Average of 3 


80.4 


55.8 


94.1 


85.5 


1 


Graham bread 


81.0 
80.6 


67.8 
55.1 


88.1 
88.7 


S1.8 


3 


Do 


816 


3 


Do 


71.1 


51.2 


88.5 


78.6 




Average of 8 


77.6 


58.0 


88.4 


80.7 


4 


White bread (first patent) 


90.5 




98.0 


92.8 


4 


Do (second patent) 


91.4 




98,7 


98.5 


4 


Do (standard patent) 


90.3 


• 


97.4 


92.2 




Average of 3 


90,7 




98,0 


92.8 



Standard patent grade flour contains 11.99 per cent 
protein, 85.3 per cent of which is digestible; the proportion 
of digestible protein in standard patent flour would then be 
(11.99 per cent x 85.3=) 10.2 per cent. In Uke manner the 
digestible carbohydrates and available energy may be cal- 
culated. Such calculations have been made for standard 
patent flour, entire-wheat flour, and graham flour on the 
basis of the composition of the flour as milled. The follow- 
ing table shows these results. In the case of the protein the 
results have been calculated by the two factors, namely nitro- 
gen x 6.25, and nitrogen x 5.70. This is because both factors 
are in use for calculating this nutrient. 

TABLE No. 28— Proportions Of Total and Digestible Nutrients and 
Available Energy in Different Grades of Flour as MiUed. 





Protein. 


Carbohydrates 


Heat of com- 


Flour 


N X 5.70 


Nx625 


N x5 70 


Nx6.25 


bust^nprgrm 


Total 


diges- 
tible 


Total 


diges- 
tible 

Per ct 
11,2 

10.8 

10.7 


Total 

Prct 
75.36 

78.67 

74 99 


diges- 
tible 


Total 


diges- 
tible 


total 


Ayail- 
able 


standard 
Patent . . . 
Rn tire- 
wheat.... 

Graham . 


Pr ct. 
11.99 

• 

19.26 

12.65 


Per ct. 
10.2 

9.9 

9.8 


Per ct. 
18.14 

18.44 

13.86 


Pr cf 
78.5 

69.3 

66.3 


Per ct. 
74.21 

73.49 

73,78 


Per ct. 
72.8 

6^.2 

^.2 


calo'8 
4.050 

4.000 

4.150 


caloric 
3.650 

8.446 

3.850 
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Prom tbia table it will be observed that according to 
composition the grabam Boar contained the largest propor- 
tion of protein and the largest amount of energy, while tbe 
standard patent Roar contained the smallest proportion oi 
protein, bat a little more energy than the entire- wheat Boar. 
According to tbe results of the digestion experiments, bow- 
erer, tbe amount of digestible protein and the amount oi 
energy actually available to the body were greater in tbe 
standard patent Bour than in the entire-wheat or graham 
Boar. Grabam contained tbe least digestible protein and 
available energy. 

In the three experiments with subject No. 4, in which first 
patent, second patent, and standard patent flours wereused, 
the digestibility of these three flours was found to be practi- 
cally the same. This will be observed from the results in 
table No. 27. It will also be noticed that the digestibility of 
the protein of the standard patent flour was somewhat 
greater with subject No. 4than with either subject No. 1 or 2, 
while with subject No. 3 it was least of all. These difier- 
ences are doubtless due largely to individual peculiarities of 
the different men. 

Coarse Particles Escape Digestion. — A comparison of 
the feces from the different flours is also interesting. The 



Via. N0.9S. Relative araoDDM of dry ftco from A. graham Boar, B. nilre-wlMae 
•DdC.Btandard patent flour. Alt of tbe Indigestible material from the breadi con- 
lamed are preacHt In tbe f«cea. 
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feces from a jpven oraotmt of graham and entire-wheat floor 
breads were more bnlkj, and weighed more than those from 
the same weight of standard patent floor bread. PigoreNo. 
76 shows the relative amounts of dry feces produced in two 
days from the diflerent breads. 

A microscopic examination of the feces of the varioos di- 
gestion experiments was made, with the following results: 
The feces from bread made from standard patent flour con- 
tained very small particles of disintegrated starch, which 
gave the color reaction with iodin. The feces from graham 
and entire-wheat breads contained masses of material con- 
taining wheat-starch grains in practically the same form as 



Pig. No. S9. IndlKBtlble midue from feces of Graham bread mns ''^e^ •howlss 
wheat starch Kranulea wbfcli hsT* eicaped digeitlon. ^ ■ 

in the ori^nal graham and entire-wheat flour breads. 

The comparatively small amount of digestible protein 
and available energy in the feces from the bread made from 
the patent flour as compared with the atusji nutrients in the 
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feces from the entire wheat and graham flour bread is doubt- 
less due to the fact that the patent flour is much more finely 
ground. Results of a similar general character were ob- 
tained in an experiment at the Minnesota Experiment Station, 
^ when pigs were fed whole and ground wheat. The ground 
wheat was 10 per cent more digestible than the wholewheat. 
Other experiments with animals have shown that when foods 
are ground, the nutrients are from 3.3 to 14 per cent more 
digestible than in unground foods. ^ Fineness of division of 
the particles, evidently, has a material influence upon both 
completeness and rate of digestion of a food. 
ArtiScial Digestion of Bread. Artificial digestion experiments 
were made by treating samples of bread with digestive fer- 
ments under conditions of temperature, etc., approximating 
those of the body. While, as previously explained, the re- 
sults of such experiments are not absolute it is believed that 
they may be satisfactorily compared with one another when 
obtained by the same method. For purposes of comparison, 
samples of the breads from the different kinds of flour used 
in the experiments with men were digested artificially by 
means of an acid pepsin solution. The proportions of dry 
matter and nitrogen in the samples used are shown in the 
following table. 

TABLE No. 29.— Dry Matter and Nitrogen in bread of pifferent 

Kinds. 



Kind of Bread. 



Bread from standard patent flour 

** *' entire- wheat flour 

*f '* grabam flour 



Dry mat^r 
Per cent 


Nitrogen 
Per cent 


58.90 


2.22 


58.31 


2.32 


56.68 


2.87 



In each artificial digestion experiment 25 grams of the 
bread were kept for four hours in 225 cubic centimeters of 
acid pepsin solution at a temperature of 38* C. The insolu- 
ble residue was filtered off, washed and dried, and the nitro- 
gen content determined. The results of these experiments 
are as follows: 

(1) Minn. Sta. Bui. 86, p 147. 

(2) U. S. Dcpt. of Agr. Office of Ex. Sta. Bui. 77 
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TABLE Do. SO— BMolts of ArtiflcdBl SigMtion Experimsiit With 
Breada of Different Kinds. 



Kind ol Food. 


In Bread 


reaidue. Kram 


Diiratled 


Bmd (rom •tftDdMd paCeat floor... 

Bread from on tire-wheat ftour. 

Bi«ad from irrataam flour 


0.33 
.U 
.84 


0.08 
.08 
.U 


83 
76 
68 



From the resttlts it will 
be observed that bread from 
standard patent floor was 
most completely digested in 
the add pepsin solution; 
bread from entire wheat 
flonr -was less digested; and 
bread from graham Soar 
was least digested of all of 
the three. These results 
agree with those obtained 
in the experiment with men. 

Conclusions of Lawes 
and Gilbert. — In general, mg. No. loo. compoiition or a alio of 
these results are in accord ""'^ ""^"^°' ""'^'^ >""•"* *""■ 
with the following conclusions concerning the nutritive 
values ofthediflferent grades arrived at by Lawes and Gil- 
bert' who have made extensive experiments with wheat. 
The physiological action of the different kinds of flour is also 
well illustrated in the foUowing quotations: 

"The higher percentage of nitrogen in bran than in fine 
flour has frequently led to the recommendation of thecoarser 
breads as more nutritious than the finer. We have already 
seen that the more branny portions of the grain also contain 
a much larger percentage of mineral matter. And, further, 
it is in the bran that the largest proportion of fatty matter 
~the non-nitrogenous substance of the highest respiratory 
capacity which the wheat contains — ^is found. It is, how- 
ever, we think, very questionable whether upon such data 

HOTB~(a) Oa •om* polnta In the compoiltlott o! the whcftt tttia at the product 
<B tkc mlU ud bread. Reprint. 
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alone a valid opinion can be formed of the comparative 
values of bread made from the finer or coarser flours ground 
from one and the same grain. Again, it is an indisputable 
fact that branny particles, when admitted into the flour in 
the degree of imperfect division in which our ordinary mill- 
ing processes leave them, very considerably increase the 
peristaltic action, and hence the alimentary canal is cleared 
much more rapidly of its contents. It is also well known 
that the poorer classes almost invariably prefer the whiter 
bread, and among some of them who work the hardest and 
who consequently soonest appreciate a difference in nutritive 
quality (navvies, for example) it is distinctly stated that 
their preference for the whiter bread is founded on the fact 
that the browner passes through them too rapidly; conse- 
quently, before their systems have extracted from it as much 
nutritious matter as it ought to yield them. * * * In fact, 
all experience tends to show that the state as well as the 
chemical composition of our food must be considered; in 
other words, that the digestibility and aptitude for assimila- 
tion are not less important qualities than its ultimate com- 
position.'' 

**But to suppose that whole- wheat meal as ordinarily 
prepared is, as has generally been assumed, weight for weight 
more nutritious than ordinary bread flour, is an utter fallacy 
founded on theoretical text-book dicta, not only entirely 
unsupported by experience but inconsistent with it. In fact, 
it is just the poorer fed and the harder working that should 
have the ordinary flour bread rather than the whole meal 
bread as hitherto prepared, and it is the overfed and 
the sedentary that should have the whole-wheat bread. 
Lastly, if the whole grain were finely ground it is by no 
means certain that the percentage of really nutritive nitro- 
genous matter would be higher than in ordinary bread flour, 
and it is quite a question whether the excess of earthy phos- 
phates would not then be injurious." 

CONCLUSIONS. 

The digestibility of first and second patent flours was not 
appreciably different from that of standard patent flour. 
The degree of digestibility of all of these flours is high, 
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due largely to their mechanical condition— that is, to the 
fact that they are finely ground. 

According to chemical analysis of graham, entire-wheat, 
and standard patent flours milled from the same lot of hard 
Scotch Fife spring wheat, the graham flour contained the 
highest and the patent flour the lowest percentage of total 
protein. But according to the results of the digestion experi- 
ments with these flours the proportions of digestible or 
ayailable protein and available energy in the patent flour 
were larger than in either the entire- wheat or graham flour. 
By digestible nutrients is meant the diflFerence between the 
amounts of the several nutrients consumed and the amounts 
cxcrctedin thefeces. Thelowerdigestibility of the protein of 
entire-wheat and graham flours is due to the fact that in 
both of these flours a considerable portion of the protein is 
contained in the coarser particles (bran), and so resists the 
action of the digestive juices and escapes digestion. Thus, 
while there actually may be more protein in a given amount of 
graham or entire-wheat flour than in the same weightof pat- 
ent flour from the same wheat, the body obtains less of the 
protein and energy from the coarse flour than it does from 
the fine,because, although the including ofthe bran and germ 
increases the percentage of protein^t decreases its digestibility. 

THE COMPARATIVE DIGESTIBILITY OF BREAD 

AND TOAST. 

Nature of the Work. — ^Four experiments were made to 
determine the comparative digestibility of bread and toast 
made from the same kind of bread. The rations consisted of 
bread and milk, and toast and milk. The bread was made 
from straight grade patent flour, the toast was prepared 
from the bread after it was about twelve hours old. The 
toast was first dried in the oven and then prepared in the 
usual way in a wire toaster. The main diffierence in the com- 
position of the bread and toast was in moisture content be- 
cause of the removal of the water during the drying and 
toasting- process. The bread and toast had the following 
composition on the basis of the dry matter: 
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TABLE No. 81. — Composition of Bread and Toast. 



Protein 

Ether Extract (1). 

Carbohydrates 

Ash and Salt 



Bread 
Percent 




Toast 
Percent 



13.87 

1.02 

84.37 

.94 



Chemical Changes Caused by Toasting, — As is well 
known, the toasting process changes the form and solubility 
of the nutrients, particularly of the carbohydrates, to a 
much greater extent than it does the percentage amounts. 
During the toasting process, a portion of the starch was 
changed to dextrine, a soluble carbohydrate. The protdd 
compounds also suffered changes in composition, but op- 
posite in character from the carbohydrates; tests showed 
that the proteids were rendered less soluble, while the carbo- 
hydrates were rendered more soluble. 

Digestibility of Bread and Toast. — In the following ta- 
ble. No. 32, a summary is given of the results of the dig:es- 
tion experiments with bread and toast. By the digestibility 
of a food is meant the completeness, expressed in percentage 
amounts, with which it undergoes the digestion process and 
is absorbed and utilized by the body. This is determined by 
the difference between the amounts in the food consumed 
and the amounts excreted in the feces. 

TABLE No. 82.— Comparative Digestibility of Bread and Toast. 



Man No. G. 

Protein 

Carbohydrates . . . 

Available Energy 

Man No. D. 

Protein 

Carbohydrates . . . 

Available Energy 



Bread 
Per Cent 


Toast 
Digested 


88.6 


86.42 


97.7 


97.53 


91.8 




85.5 


82.98 


97.2 


97.06 


91.5 





NOTE.— (1) The Ether extract or crude fat content of bread is discussed on 
pa^e 32, Bui. No. 67, U. S. Dept. Agr. Office of Experiment Stations. 
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Discussion of Results. — From the table it will be ob- 
served that Man G digested 2.2 per cent more protein 
and practically the same amount of carbohydrates when the 
nutrients were in the form of bread as when they were con- 
sumed as toast. In the case of Man D, 2.6 per cent more 
protein was digested in the form of bread than in the form of 
toast. There appears to be no great difference in the amount 
of nutrients utilized by the body whether the food was con- 
sumedKn the form of toast or bread. If anything, the toast 
appeared to be slightly less digestible than the bread, as 2.4 
per cent more protein failed to digest in the toast ration than 
in the bread ration. The difference in the digestibility of the 
carbohydrates was small. These figures do not represent 
the rate of digestion, or the comparative ease with which 
the two foods are digested. These facts were ascertained by 
artificial digestion experiments. 

Comparative Action of the Diastase Ferment upon 
Bread and Toast. — The work of digestion of the carbohy- 
drates is carried on largely by the soluble ferments Or enzemes 
present in the intestines. Diastase, one of the ferments of 
malt, is particularly active in the digestion of starch. Ten 
grams of dry sterilized toast were placed in a flask contain- 
ing a dilute solution of malt, and after digestion for three 
quarters of an hour, 14:68 per cent of starch was rendered 
soluble from the bread, while 21.38 per cent was dissolved 
fi'om the toast. When the toast and bread were acted upon 
by the diastase ferment under the same conditions, about a 
half more starch was rendered soluble firom the toast than 
firom the bread. The human digestion experiments showed 
that the protdn of the toast was slightly less digestible than 
that of the bread and that the carbohydrates in each 
have practically the same total digestibility. Experi- 
ments with the malt solutions show that toast is more 
readily acted upon by the diastase ferment than is bread; 
that by toasting bread, a food is produced that is more read- 
ily but not quite as completely digested as bread. The 
fact that toast is somewhat more readily but not quite as 
completely digested as bread does not detract from its value 
as a food for invalids and others who require a sterilized 
food, but it suggests that as far as the availability of the 
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nutrients is concerned^ the bread is to be preferred to the 
toast. When dry toast is nsed to any considermble extent 
in the dietary, it has a tendency to cause constipation, parti- 
cnlarly if tts^ with tea, as it firqncntly is; the tannic acid of 
the tea together with the toast form a combination with 
costive properties. This tendency, howcYcr, is OTcrcome 
when the toast is prepared with unboiled milk. 

Toast is a sterile food while some breads contain Tarions 
ferment bodies which have not been destroyed in baking, as 
the interior of the loaf is not heated above the boiling point 
of water. The ferment and fungus bodies present in unclean 
flour undergo incubation during the process of digestion, 
particularly if the digestion is in any way impaired. In the 
case of normal digestion, however, these bodies do not 
devetope to any appreciable extent because the digestive 
tract disinfects itself. Microscopic examination of the feces, 
particularly of those when the diet consisted of graham or 
entire-wheat breads, showed that these fungus bodies had un- 
dergone the incubation process during digestion. The patent 
grades of flour produced by the roller process of milling con- 
tain less of these ferment bodies than either graham or enthre 
wheat flour. This is because the bran and germ parts of 
wheat which are included in the graham and entire-wheat 
flours are the parts which contain the ferment bodies. In 
figure No, 98 some of these growths are shown. In case it 
is necessary to use a sterilized food, as toast, in the dietary 
it is more economical to prepare it at home -from flour of 
good quality than it is to purchase it in the form of so-called 
health foods. 

Action of Heat on Animal Foods. — Experiments with 
animals have shown that when grains and other foods are 
prepared by cooking,* the proteids of the cooked foods are 
from one to six per cent less digestible than in the uncooked 
foods, while the carbohydrates have practically the same 
digestibility, the difference being slightly in favor of the un- 
cooked foods. It would appear that the prolonged . action 
of heat in the preparation of foods lessens the digestibility 
of the protein but not of the carbohydrates . The two classes 
of nutrients in foods, proteids and carbohydrates are evi- 
dently affected in a different way, as far as the total digcsti- 
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bility is concerned, the carbohydrates being made more 
easy to digest and the proteids less completely digestible by 
the prolonged action of heat. Since in many of our foods, 
particularly the grains, the carbohydrates are by far the 
most abundant class of nutrients, the action of heat in their 
preparation has a favorable influence in making food more 
easy of digestion rather than aflFecting the completeness of 
the process. 

SUMMARY. 

The carbohydrates of toast were more readily acted upon 
by the diastase ferment than were the carbohydrates of 
bread. The protein of bread was 2.4 per cent more com- 
pletely digested than that in toast. There was but little 
difiference in the total digestibility of the carbohydrates, but 
in the same length of time about a half more of the starch 
was rendered soluble by the diastase ferment from toast than 
from bread. In the dietary of a working man less nutrients 
are secured from toast than from bread, 

INFLUENCE OF THE ENZEMES OR CHEMICAL FER- 
MENTS OF MILK UPON THE DIGESTIBILITY 

OF FOODS. 

Nature of The Work. — Two series of digestion trials 
were made to determine the nutritive value of milk and its 
influence upon the digestibility of other foods. In two of 
the trials, the ration consisted of bread, butter, beans, pota- 
toes, eggs and milk, and in two other trials, the same foods 
were used except that the milk was omitted. It was the aim 
to have a variety of food articles supplied in liberal amounts, 
and then to determine the influence which the presence 
or absence of milk had upon the digestibility of the ration. 
The eggs were cooked in their shells and the washed unpealed 
potatoes boiled. Mixed milk from the college herd was used . 
The butter was made at the experiment station. The bread 
was from standard patent spring wheat flour. The two series 
of experiments were alike in every respect except that in one 
milk was used while in the other it was omitted. 

MoTir— 1 Bui. Mo. 77 U. S. Dcpt. ofAgr, Office of Bxperlnttnt Stations p 93. 
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Bnxemes in Milk. — ^InYestigations made during recent 
years by European and American Scientists, have shown 
that milk normally contains a number of characteristic 
enzemes or chemical ferments. Bnzemes are chemical 
substances produced by the ac^vity of animal or plant 
bodies. Enzemes are lifeless chemical bodies, which are pro- 
ducts of life processes and are capable of producing chemical 
changes. Babcock and Russell have shown that among the 
chemical or soluble ferments of milk, there is a tryptic-like 
ferment capable of digesting casein. Enzemes, similar in 
character, are present in the digestive tract, and they are 
the active agents which promote digestion of the proteids 
and other nutrients of foods. Since milk contains a tryptic- 
like ferment as well as other enzemes, experiments were un- 
dertaken to determine their influence upon the digestion oi 
foods. 

Digestibility of Foods Used. — The digestibility of the 
bread, butter, beans and milk, and of the bread, beans and 
milk had been determined in former trials and is reported 
in this bulletin. In a former report, Bui. No. 43, U. S. Dept. 
of Agr., Office of Experiment Stations, the digestibility of 
potatoes and eggs is given. While the digestibility of all 
of the foods used in these trials had been previously determin- 
ed, no attempt had been made, except with the beans, to 
show the extent to which one food influenced the digestibil- 
ity of another. 

Digestibility of Rations. — The digestibility of the rations 
with and without milk is given in the following table: 

TABLE No. 38.— InfLuance of Milk Upon the Digestibilily of Food. 



Ration, — Bread, Milk, Butter, Potatoes, Beans, and Eigi^s 



■s 


Dry 
Matter 
Per cent 


Protein 
Per cent 


£tber Ex- 
tract 
Per cent 


Carbohy- 
drates 
Percent 

96.44 


Ash 
Percent 


Cal. 
Per cent. 


Man 6 


94.09 


89.84 


97.12 


74.62 


91.00 


Man? 

Digestibility 
of same rati' n 
without milk. 
Man 6 


95.11 
91.42 


91.85 
81.65 


96.28 
95.55 


9?.ll 
94.68 


72.55 
48.42 


91.56 
89.42 


Man? 


98.81 


84.64 


96.29 


95.?6 


66.81 


90.89 
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From this tg.ble it will be observed that in the rations 
with milk the nutrients are more completely digested, parti- 
cularly the crude protein, than in the same ration without 
milk; in the case of man No. 6 the difference in the protein is 
8.20 per cent, and with man No. 7 it is 7.20 per cent in 
favor of the ration with milk. 

Discussion of Results. In the ration with milk the re- 
sults show that the milk is entirely digested and that the 
other foods in the ration are also more digestible than in the 
same ration without milk. To illustrate, in the ration with 
milk, for man No. 6, there are 281.75 grams of protein; 
61.40 grams being supplied by the milk, and 220.35 grams 
by the other foods. If the protein in the milk is considered 
entirely digestible, and the indigestible protein in the feces 
as coming entirely from the other foods it would make the 
protein of the mixed ration exclusive of the milk 86.98 
per cent digestible. The actual amount digested when the 
milk was omitted was 81.65 per cent. That is, intheration 
with milk, the protein of the milk was entirely digested and 
that of the other foods was made 5.33 per cent more digesti- 
ble. Similar calculations for man No. 7, show that the pro- 
tein of the milk was entirely digested and that of the other 
foods were made 4.50 per cent more digestible by the milk. 
In the ration with milk the carbohydrates are also more di- 
gestible. 

Somewhat similar experiments treating of the beneficial 
influence of milk upon the digestibility of a single food, bread, 
are reported in Bui. No. 53, U. S. Dept. of Agr., Office of Ex- 
periment Stations. It is stated that when bread and milk 
were used alone they had a different and lower degree of 
digestibility than when used together. Bread and milk in 
combination were more completely digested than either 
bread or milk alone. **The average of ten digestion experi- 
ments with an exclusive milk diet showed 92.1 per cent of 
the protein and 86.3 per cent of the carbohydrates to be di- 
gested. Five experiments made with an exclusive bread diet 
or with bread and sugar showed 82 per cent of the protein 
and 99 per cent of the carbohydrates digested. Five 
experiments w^ith a diet of bread and milk showed 97.1 per 
cent of the protein and 98.7 per cent of the carbohydrates 
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digested. In other words the protein in milk alone or in 
bread alone seems to be much less completely digested than 
when the two are eaten together." In the experiment quot- 
ed, the influence of milk upon the digestibility of a single 
food as bread is quite marked. No comments, however, are 
made as to the cause of the increased digestibility of the 
bread in the presence of milk. In the case of a mixed ration, 
as lu this experiment, the effect is equally marked. 

Digestive Action of the Enzymes Ferments in Milk, The 
fact that when milk was used in a mixed ration, the protein 
was from 4.50 to 5.33 per cent more digestible than when 
the milk was omitted suggested that the soluble or chemical 
ferments of milk were the active agents which had caused 
this increase in digestibility. Direct experiments were made 
to determine the action of milk as a digestive fluid and the 
extent to which the soluble ferments of milk were capable of 
acting upon foods. A dilute solution of fresh milk was used 
in place of the pepsin solution as described in preceding ex- 
peiiments. 

Ten grams of bread toast were digested with 10 cc of 

milk and 90 cc of water for two hours at a temperature of 

98.5° F. The nitrogen content of the milk, toast, and the 
water soluble nitrogen of the toast were all determined in 
duplicate. As a check upon the work, a blank test with 10 
cc of milk and 90 cc of water was made. Toast was used 
because it was desired to have a thoroughly sterilized food 
and also a material from which the soluble nitrogen could 
readily be filtered. Duplicate digestion trials were made, 
and also tests with Pasteurized milk. The results are given 
in the following table: 

Table No. 34. Digrestive Action of Milk. 



Soluble before digues tion. 


Trial 1. 

Standard 

c. c. 


Trial 2. 

acid used 

c. c. 


Protein 

grams 

Average 


10 cc milk 


11.4 
2.8 


11.4 
30 


.346 


10 K^ams toast water soluble nitrogen 


.088 


Total in milk and water soluble nitrogen 

Soluble after digestion. 

10 grams toast, 10 cc milk 90 cc water 

Amount digested 


14.2 

15.8 
1.6 


14.4 

15.9 
1.6 


.434 

.493 
.059 


Per cent digested 


12.25 
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When fresh milk was lased as a digestive fluid, 12.25 per 
cent of the total protein of bread toast was digested. Similar 
tests were made with rolled oats but the results are not 
given because of difficulties experienced in filtering the solu- 
ble nitrogen from the starchy mass. The pasteurized milk 
(157°F) did not digest as much protein as the fresh milk; 
while the fresh milk digested 12.25 per cent, the pasteurized 
milk digested 7.6 per cent. Because of the coagulation of 
the albumin, experiments could not be made with sterilized 
milk. The soluble ferments of milk evidently exert a mater- 
ial influence as digestive agents, and fresh milk is a di- 
gestive fluid, as well as a food of high nutritive value. 

Experiments by Babcock, Russell, Van Slyke and others 
have shown that normal milk contains soluble or chemi- 
cal ferments which unaided by other ferment bodies are 
capable of carrying on the ripening process in cheese making. 
The curing or ripening process in cheese making is distinctly 
a digestion process. It is the favorable action of the enzymes 
or soluble ferments in milk upon the other foods with 
which it is combined that gives milk its unique value as a 
human food enabling a larger amount of the nutrients in a 
mixed ration to be utilized by the body for food purposes. 
The fact that the chemical ferments in milk assist in the di- 
gestion of food is also emphasized by experiments made by 
Patterson and others which have shown that sterilized or 
cooked milk is less digestible than unsterilized milk. 

Value of Milk in Animal Rations. Experiments with 
animals show that whole milk and skim milk are valuable in 
making other foods more digestible. In the case of pigs it has 
been shown that when skim milk is used in a ration the gain 
in weight is more rapid than when the same total amount 
of nutrients in the form of grains has been substituted for 
the skim milk, 6 pounds of skim milk are equal in pork pro- 
ducing value to about one pound of grain. When the nutri- 
ents in six pounds of skim milk and one pound of shorts, for 
example, are compared, it will be found that there is nearly the 
same amount of protein in each but that there is a quarter of 
a pound more carbohydrates in a pound of shorts than in 
six pounds of skim milk;nevertheless a pig is capable of mak- 
ing as much gain in weight from six pounds of skim milk 
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containing less total nutrients as from a pound of shorts 
containing more nutrients. This is because skim milk causes 
the grains with which it is combined to be more completely 
digested, and the animal is enabled to utilize a larger pro- 
portional amount of the nutrients from the grain. Milk ap- 
pears to have the same characteristic value in making other 
foods more completely digestible in animal rations as in 
human rations. 

Cost of Nutrients in Milk. Milk at ordinary prices, 4 
to 6 cents per quart, is one of the cheapest foods that can be 
procured. Ten cents worth, or 4.16 pounds of average milk 
at five cents a quart, will contain as much protein and fat 
and more fuel value than ten cents worth of sirloin steak or 
any meat at the low price of twelve cents per pound. Milk 
should not be considered as a luxury but more as an econom- 
ical food. Dietary studies made at the Maine State College 
by Professor Jordon, have shown that when milk was liber- 
ally used the cost of food was appreciably lessened. 

Notes on the Use of Milk in the Dietary, When milk is 
used quite extensively in the dietary it has occasionally a 
tendency to cause constipation. This can be largely avoid- 
ed by dissolving a little salt in the milk or by using some 
solid food as bread or crackers with the milk to prevent the 
formation of coagulated, indigestible masses. When used, 
even in liberal amounts, with other foods in a mixed ration, 
milk has no tendency to cause digestion disorders provided 
it contains no preservatives and is pure and -wholesome. 
The purity of the milk supply, which is a sanitary and 
bacteriological problem, as well as a chemical one, is amatter 
of great importance. It is questionable whether the soluble 
ferments of milk are capable of exercising their maximum 
digestive powers in the presence of the numerous micro 
organisms which are so abundant in impure milk. The 
purity of the milk supply is too frequently given but scant 
attention. 

CONCLUSIONS. 

1. When milk was used in a ration, with bread, butter, 
beans, eggs, and potatoes, all of the protein of the milk was 
digested and in addition 4.91 per cent more of the protein of 
the other foods with w^hich it w^as combined w^as digested 
than when the milk was omitted. 

2. Milk is valuable, not only for the nutrients which it 
contains, but also because the soluble ferments which are 
present make the foods w^ith which it is combined morecom- 
pletely digestible. Fresh milk acts as a digestive fluid; 12.25 
percent of the protein of toast was digested in two hours 
by the enzymes or chemical ferments of fresh milk. 



APPENDIX TO BULLETIN No. 74. 

This appendix contains the tabular statements of the 
various digestion experiments reported in Bulletin No. 74. 
These tables are not included in the main edition of the bul- 
letin but form a part of this annual report. The conclusions 
published in the bulletin are based upon these tables and re- 
sults. Tables Nos. 35 to 37 give the composition of the 
foods consumed and the feces and urine samples, while tables 
Nos. 38 to 51 give in condensed form, details of the separate 
digestion experiments; as the kind of food consumed, sub- 
ject's age and kind of work, weight at beginning and close 
of the experiment and duration and date of experiment. 
The amounts of the various nutrients consumed are given 
in grams, and are obtained by multiplying the weight of food 
by its percentage composition. The heats of combustion 
are given in terms of carlories as obtained by combustion 
in a Berthelot-Atwater calorimeter. 

These tables are published in the annual report rather 
than as a part of the bulletin since it is believed, that while 
the conclusions are all drawn from these tables, they are not 
of sufficient interest to the general reader to warrant their 
publication in bulletin form. The analyses were all made 
according to the methods of the Association of Official 
Agricultural Chemists. A close agreement was observed 
between the determined and calculated calories for all foods 
that were comparatively free from cellulose material. In no 
case was there a greater disagreement than .185 calories. 
In the case of the feces, however, no uniformity was observed 
between the calculated and determined calories. The phos- 
phoric acid content of the urine is recorded, it being the in- 
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tention, at the time, to establish a phosphorous balance. It 
was found, however, that the methods of analyses for the 
determination of phosphorous in organic combinations was 
not sufficiently accurate to warrant the undertaking. No 
nitrogen balance is given as it is believed that the period for 
the experiments, namely: two days, was too short a time to 
allow of an accurate nitrogen balance being made. The x^- 
sults of the digestion experiments with oatmeal and with 
bread made from graham entire wheat and straight grade 
flours are given in Bulletin No. 101, Office of Experiment 
Stations, U. S. Department of Agriculture. 



TABLE NO. XXXV— Composition of Foods Consumed in Digestion Experiments. 



I 

1 

2 

3 
4 



5 



6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

19 

46 

5.1 



Material 


Drr 
Matter 


Pro- 
tein 




Pr. Ct. 


Pr. Ct. 


Milk 


14 30 
56.00 


3.56 
13.76 


BreadH- 


Beans, raw.. 


88 68 


23.75 


Beans, baked-f 


36.93 


23.37 


Brcad-f- 


52.60 


14.66 


Olcoraarg'e. 


88 95 


1.67 


Butter 


86 79 


.48 


Cheese 


65.6^ 


23.68 


Skim milk.... 


9.57 


3.41 




9.48 


3.48 


Beans, baked.. 


41.18 


24.13 


• • 


26.80 


23.63 


• • 


32.92 


25.63 


Milk 


13 77 


3.24 


Beans, baked.. 


28 74 


23.75 


Milk 


12.63 
24.45 


3.42 
2.00 


Potatoes 


Toast.... 




13.37 
15.82 


Eggs 


28.64 


Milk 


13 60 


3.33 





Ether 
Ex't 



Pr. Ct. 

4.97 

1.60 

1.71 

6.46 

2.24 

85.91 

83.14 

36.85 






.25 
1.98 
2.24 
4 67 
4.76 
2 35 
3.38 

.04 

1.02 

11.89 

4.65 



Carbo- 
hydrates 



Pr. ct. 
5.05 
84.10 
59.50 
66.19 
82.08 



1.71 

5.15 

5.05 

70.46 

71.47 

66.51 

5.05 

69.02 

5.00 

21.61 

84.67 



4.89 



Ash 



Pr. Ct. 

.72 

.54 

3.72 

3.98 

1.02 

1.37 

3.17 

3.3:i 

.78 

.70 

3.43 

2.66 

3.19 

.72 

4.88 

.73 

.80 

.94 

.93 

.73 



Calor- 
ics 



Pr. Gni. 

4.97 

4.385 

3 695 

4.540 

4.405 

7.887 

7.658 

4.890 

.414 

.416 

4.61 

4.505 

4.404 

.818 



.700 



4.246 

2.025 

.833 



Composition on basis of dry matter. 
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TABLE NO. XXXVI.— Compoiition of Dry Matter of Fecei. 



Sam- 
No. 


Experiment No. 


Protein 


Ether 
Ex't 


Carbo- 
hydrates 


Ash 


Calor- 
ies 






Pr. Ct. 


Pr. Ct. 


Pr. Ct. 


Pr. Ct. 


Pr. Gm. 


20 


1 Beans, Man No. 1 


32.19 


18.78 


29.76 


19.27 


4.716 


22 


2 " " " 2 


35.10 


18.15 


26.96 


19.79 


4.696 


24 


3 " •• •* 3 


35.80 


14.39 


31.01 


18.80 


4.613 


26 


4 Oleomargarine, Man Ko. 2 


29.22 


14.56 


35.24 


20.98 


4.484 


28 


5 " " •* 3 


37.00 


14.08 


25.09 


23.83 


4.325 


30 


6 '• •• " 1 


33.50 


11.54 


35.64 


19.32 


4.406 


32 


7 Butter.Man No. 2 


26.88 


14.26 


36.96 


21.90 


4.529 


34 


8 '• " " 3 


33.13 


14.94 


20.59 


21.34 


4.588 


36 


9 Cheese, " "3 


26.66 


19.58 


26.17 


27.69 


4.890 


38 


10 Rations with milk. 


37.49 


11.58 


37.75 


13.17 


4.456 


40 


44^ 4< ti l( 


32.69 


22.07 


28.65 


16.59 


4.972 


42 


12 " withontmilk, 


40.00 


12.52 


34.39 


13.09 


4.622 


44 


13 *• '* 


39.13 


16.09 


32.65 


12.13 


6.108 


47 


14 Toast, Man G.... 


31.50 


9.36 


35.20 


23.94 


4.47 


49 


15 " " D.... 


30.00 


8.55 


31.93 


19.49 


4.246 



TABLE NO. XXXVII. —Composition of Urine Samples. 



Sam- 
ple 
No. 




Total 

Gms. 


Sp. Gr. 


Nitrojeen 
Pr. Ct. 


P2O5 
Pr. Ct. 


21 


Experiment N 


o. 1 


1950 

1879 

1702 

2097 

1767.6 

1989 

2616 

2090 

1985 

2793 

2262 

2675 

1975 

1934 

1604 


1.0269 
1.0282 
1.0272 
1.029 
1.032 
1.0266 
1 0276 
1.030 
1.029 
1.026 
1.025 
■ 1.026 
1.024 


1.60 
1.94 
1.76 
1.69 
1.47 
1.37 
1.54 
2.05 
2.06 
1.17 
1.33 
1.13 
1.35 
1.73 
1.00 


.28 


23 


• 2 


.33 


25 


« 3 


.28 


27 


'« 4 


.28 


29 


" 6 


.33 


31 


" 6 


.33 


33 


" 7 


.32 


36 


" 8 


.39 


37 


• 9 


.28 


39 


' 10 




41 


" 11 




43 


• 12 


.30 


45 


" 13 


.26 


48 


'• 14 




50 


" 15 
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DIGESTION EXPERIMENT NO. 1. 

Kiaa of Food, — Bread made from standard patent flour, 
milk and beans. 

Subject, — Man No. 1. Age 28 years. University student 
engaged at farm labor. 

Weight. — ^At the beginning of the experiment 158 lbs., at 
the close, 158 lbs. 

Duration, — Two days with six meals, beginning with 
breakfast, May 25, 1899. 
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DIGESTION EXPERIMENT NO. 2. 

Kind of Food. — ^Bread made from standard patent flour, 
milk and beans. 

Subject.— Man No. 2. Age 24 years. University student 
engaged in office work. 

Weigbt.— At the beginning of the experiment 202 lbs., at 
the close, 20Q ibs. 

Duration. — Two days with six meals, beginning with 
breakfast, May 25, 1899. 
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DIGESTION EXPERIMENT NO. 3. 

Kind of Food. — ^Bread made from standard patent flotiTj 
milk and beans. 

Subject. — Man No. 3. Age 24 years. University student 
engaged at farm labor. 

Weight,— At the beginning of the experiment 139 lbs., at 
the close, 139 lbs. 

Duration. — Two days with six meals, beginning with 
breakfast, May 25, 1899. 
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DIGESTION EXPERIMENT NO. 4. 

Kind ofFoo^, — Bread, skim milk, beans and oleomar- 
garine. 

Subject. — Mam No. 2. Age 24? years. University student 
engaged at farm labor. 

Weight. — At the beginning of the experiment, 202 
pounds, at the close 201 pounds. 

Duration, — Two days with six meals, beginning with 
breakfast June 5, 1899. 
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DIGESTION EXPERIMENT NO. 5. 

Kind of Food. — Bread, skim milk, beans and oleomar- 
garine. 

Subject. — Man No. 3. Age 24 years. University student 
engsigtd in office work. 

Weight. — ^At the beginning of the experiment, 152 
pounds, at the close 153 pounds. 

Duration. — Two days with six meals, beginning with 
breakfast June 5, 1899. 
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DIGESTION EXPERIMENT NO. G. 

Kind of Food, — ^Bread, skim milk, beans and oleomar- 
garine. 

Subject. — Man No. 1. Age 28 years. University student 
engaged at farm labor. 

Weight. — ^At the beginning of the experiment, 156V^ 
pounds, at the close 155% pounds. 

Duration. — Two days with six meals, beginning with 
breakfast June 5, 1899. 
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HUMAN FOOD INVESTIGATIONS. 



DIGESTION EXPERIMENT NO. ^, 

Kind of Food. — Bread, skim milk, beans and butter. 

Subject. — Mau No. 2. Age 24 years. University student 
engaged in office work and farm labor. 

Weight. — At the beginning of the experiment, 202 
pounds, at the close 201 pounds. 

Duration. — ^Two days with six meals, beginning with 
breakfast June 5, 1899. 
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DIGESTION EXPERIMENT NO. 8. 

Kind of Food, — Bread, skim milk, beans and batter. 

Subject. — Man No. 3. Age 24 years. University student 
engaged in office work and farm labor. 

Weight. — At the beginning of the experiment, 152 
potindsy at the close 153 potmds. 

Duration. — Two days with six meals, beginning with 
breakfast June 5, 1899. 
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HUMAN FOOD INVESTIGATIONS. 



DIGESTION EXPERIMENT NO. 9. 

Kind of Food. —Bready milk, and cheese. 

Subject. — Mau No. 3. Age 24 years. University stadent 
€nga.ged in office work and farm labor. 

Weight. — At the beginning of the experiment, 152 
pounds, at the close 153 pounds. 

Duration. — ^Two days with six meals, beginning with 
breakfast June 5, 1899. 
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DIGESTION EXPERIiMENT NO. 10. 

Kind of Food.— 'Bread f milk, butter, potatoes, beans 
and eggs. 

Subject.— Mru No. 6. Age 22 years. Engaged at aver- 
age farm labor. 

Weight.— At the beginning of the experiment, 134 
pounds, at the close 135%, pounds. 

Duration. — ^Two days with six meals, beginning with 
breakfast May 28, 1899. 
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HUMAN FOOD INVESTIGATIONS. 



DIGESTION EXPERIMENT NO. 11. 

Kind of Food. — Bread, milk, butter, potatoes, beans 
and eggs. 

Subject. — Man No. 7. Age 21 years. University student 
employed at light labor. 

Weight. — At the beginning of the experiment, 133 
pounds, at the close 134jVi pounds. 

Duration. — Two days with six meals, beginning with 
breakfast May 28, 1899. 
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DIGESTION EXPERIMENT NO. 12. 

Kind of Food. — Bread, butter, potatoes, beans and 
eggs. 

Subject. — Man No. 6. Age 22 years. Engaged at aver- 
age farm labor. 

Weight. — ^At the beginning of the experiment, 136 
pounds, at the close 136 pounds. 

Duration. — Two days with six meals, beginning with 
breakfast June 7, 1899. 
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HUMAN FOOD INVESTIGATIONS. 



DIGESTION EXPERIMENT NO. 13. 

Kind of Food. — Bread, butter, potatoes, beans and 
eggs. 

Subject. — Man No. 7. Age 22 years. University student 
em proved at light labor. 

Weight. — At the beginning of the experiment, 136 
pounds, at the close 135 pounds. 

Duration. — Two days with six meals, beginning with 
breakfast June 7, 1899. 
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DIGESTION EXPERIMENT NO. 14. 

Kind of Food, — Milk, and toast made from straight 
patent bread. 

Subject. — ^Man No. G. Age 23 years. University student 
employed at average farm labor five hours per day. 

Weigbt.— At the beginning of the experiment, 152 
pounds, at the close 151 pounds. 

Duration, — Two days with six meals, beginning with 
breakfast May 21, 1900. 
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lUMAN FOOD INVESTIGATIONS. 



DIGESTION EXPERIMENT NO. 15. 

Kind of Food.— Milk, and toast made from straight 
patent bread. 

Subject. — Man No. D. Age 22 years. Employed at oflSce 
work five hours per day, and average farm labor for the re- 
tnainder of the time. 

Weight. — At the beginning of the experiment, 153 
pounds, at the close 150 pounds. 

Duration. — Two days with six meals, beginning with 
breakfast May 21, 1900. 
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FATTENING LAMBS. 

THOS. SHAW. 

This bulletin contains three experiments. The first re- 
lates to the fattening of lambs of different grades, the second 
to oats as a factor in feeding lambs, and the third to bal« 
anced and unbalanced rations in fattening lambs. 

Section No. 1. 

FATTENING LAMBS OF DIFFERENT GRADES. 

The fattening of lambs is a rapidly growing industry in 
Minnesota, and it is likely, some day, to assume huge di- 
mensions in the aggregate on the farms of the state, as it 
has already at the stockyards. The supplies for such fat- 
tening will be partly drawn from Minnesota farms, but 
more largely from the ranges to the westward. As lambs 
of various blood elements are grown on the ranges, and as 
it is more than probable that the adaptation of these as to 
fattening differs, it is very important, at least to the feeder, 
that something should be known as to the differences in 
relative adaptation possessed by lambs of various grades. 
This experiment was undertaken for the purpose of securing 
some light on the subject. Wethers were also fed at the 
same time for purposes of comparison. 

Plan of the Experiment. — The experiment planned the 
selection of lambs of various grades chosen from range 
stocks. They were to be fed upon the same kinds of food, 
and for the same length of time. Simultaneously with the 
lambs, one lot of grade wethers was to be fed. The wethers 
and lambs were then to be sold and comparisons drawn as 
to adaptation for feeding from their behavior during the ex- 
periment, and from profits realized on the basis of actual 
values paid and received. 

Time Covered by the Experiment, — The experiment 
proper began October 3 1st, 1898, and closed March 6th, 
1899, thereby covering a period of 18 weeks or 126 days. 
The term of feeding was divided into five periods each. The 
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first four of these covered four weeks each, and the fifth 
covered two weeks. 

The Objects o1 the Experiment. — Chief among the ob- 
jects of the experiment were the following, viz: — 1. To as- 
certain the relative adaptation and profit from feedingrange 
lambs of various grades; and 2, to ascertain the relative 
adaptation and profits from feeding range lambs as com- 
pared with range wethers. Chief among the secondary 
objects was, to ascertain, — 1, the comparative consumption 
of food by the animals of the difierent lots; 2, the compara- 
tive increase in v^eights made; and 3, the relative cost of 
making such i 



Fig. 3 01. Merino Grade Lambs V 



THE ANIMALS USED. 



The Animals Used. — In each of thefour lots oflambs, 30 
ials were used. In the lot of wethers 20 animals were 
used. The lambs and wethers were evidently from a Merino 
foundation, but possessed blood from one or more of the dis- 
tinctive mutton breeds in varying proportions, except those 
spoken of as Merino ptades. Outside blood in thesewas not 
markedly present. The wethers, known in the experiment 
as lot 1, were chosen because of apparent adaptation for 
profitable fattening rather than because of breed indications. 
The lambs, known in the experiment as lot 2, were, Cotswold 
grades, with faces and limbs chiefly white in color, and with 
the Cotswold foretop in evidence. They were rather more 
up-standing than the lambs of the other lots, had longer 
fleeces and were a little heavier. Those of lot 3, were Oxford 
Down grades. They had the more or less mottled iace, in- 
dicative of crossed Oxford Down blood, and the fairly long 
and medium open wool of the Orfords. They were a little 
leaner, however, than the lambs of the Shropshire types, 
and this probably accounts for their weighing less than the 
latter. Lot 4 were Shropshire grades. They had the dark 
faces which indicate Shropshire blood, the close covering of 
medium wool on the broad and compact bodies, short limbs 
and medium down wool of the Shropshires. Lot 5 were 
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essentially of Merino blood. Tbey were possessed of frames 
less cylindrical than those of the real mutton types and had 
the short fine wool, the white iace and legs, and the wrinldes 
on the neck, and to some extent on the body, which suggest 
Merino blood. But the brown shading in the faces of at 
least a part of the lot showed the presence of some other 
kind of blood. They were purchased at the stock yards at 
New Brighton, from KenneUi McLean, of Miles City, Mont., 
and soon after they had been brought east from the ranges. 
They were rather larger in size than the average range lambs 
at the time they were chosen. The weak point aboat the 
eipcriment lies in the fact, that the grade of the lambs vnth 
reference to blood elements had to be determined by the ap- 
pearance rather than by the actual facts. But it is usually 
so in choosing range lambs when purchased from dealers, 
and so it is likely to be, since the dealers cannot state defi- 
nitely as to the breeding of the lambs which they handle. As 
soon as selected, all the animals were brought to the farm 
and were put under experiment. The various lots were fed 
in the same shed side by side. Each division of the shed was 
18x20 feet and opened into a small yard to which the ani- 
mals had free access except in stormy w^eather. 



Fig. 103. CotBwold Grode Lamb* 



POOD AND FEEDING. 



Food and Feeding. — As previoosly stated the ani- 
tnaLsinalltbe lots were fed the same kinds of food, which con- 
sisted of hay and sorghumfor fodder, bran, com and oilcake. 
The hay was mixed, having in it agood sprinkling of clover. 
The sorghnm was grown on the farm. It was somewhat 
fine in quality and was run through a cutting boi before be- 
ing fed. During thefirst period the grain was fed in the pro- 
portion, by weight, of 6 parts bran, 3 parts com and 1 part 
oilcake. During the second period, it was fed in the propor- 
tions of 4, 5 and 1 parts, respectively, until the middle of 
the period, when the bran was reduced to 3 parts and the 
com increased to 6 parts. Duringthe third, fourth and fifth 
periods, the proportions were 1, 7 and 2 parts, respectively. 
The com was fed unground, and the oil cake in the pea form. 
The sorghum was run through a cutting box and fed in the 
evening and the hay was fed uncut in the morning. The 
grain was fed in two feeds. Of the various kinds of food, 
they were given virtually all they would eat with a relish. 
They had access to water and salt at will. 
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Estimated Value of the Food. — The food was estimat- 
ed at what may be regarded as approximate market values 
in the State. 

These were as follows: 

Hay, per ton $ 4.50 

Sorghum, per ton 2.50 

Oil cake, per ton 22.00 

Bran, per ton 9.00 

Corn, per bushel 22 

Food Consumed. — Table 53 giveslhetotal amountof the 
various food factors consumed by an average animal in eack 
lot, and also the sum of these. 

TABLE LIII.— Food Consumed bj One Animal. 



POOD CONSUMBP. 





GRAIN 


ROUGHAGE 






Corn 
lbs. 


Bran 
lbs. 


Oil 
Cake 

lbs. 


Total 
lbs. 


Hay 
lbs. 


Sor- 
ghum 

lbs. 


Total 
lbs. 


Total 
lbs. 


Lot 1 


147 


80 


25 


252 


53 


137 


190 


442 






Lot 2 


114 
114 
114 
101 


61 
61 
61 
66 


19 
19 
19 

17 


194 
194 
194 
174 


44 
37 
87 
37 


92 
91 
92 
91 


136 
128 
129 
128 


330 


Lot 3 

Lot 4 


322 
323 


Lot 5 


302 






Total 


443 


289 


74 


756 


165 


366 


521 


1277 






Average 


111 


59 


19 


189 


39 


91 


130 


319 







It will be observed that the difference in the amounts of 
food consumed by the lambs is not marked. The Cotswold 
grades consumed only 28 pounds more than the Merinos 
which were lowest in food consumption. But the wethers 
consumed 112 pounds more than the Cotswold grade lambs. 

Table 54 gives the average daily consumption by one 
animal of grain, of fodder, and of the two combined, also 
the average daily cost of the food eaten, and the average 
daily increase in weight made by the animals of the diflferent 
lots. 



FOOD CONSUMED— WEIGHT AND INCREASE. 
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TABIiB LIV.— Daily Consumption and Colt of Food. 

. AVERAGE DAILY. 



Lot 1 




Lot 2 


Lot 3 


Lot 4 


Lot 5 




Total 




ATerage 



Cow 

Grain 
lbs. 


iUMPTIO 

Rough- 
age 

lbs. 


N OF 

Total 
lbs. 


2.0 


1.5 


3.5 


1.6 
1.5 
1.5 
1.4 


1.1 
1.0 
1.0 
1.0 


2.6 
2.6 
2.6 
2.4 


5.9 


4.1 


10.0 


1.5 


1.0 


2.5 



Cost of 
Food 



Cents 



1.2 



.9 
.9 
.9 
.8 



3.6 



.88 



IlfCRBASB 



lbs. 



.24 



.23 
.24 
.24 
.20 



.91 



.23 



It will be observed:— (1.) That both wethers and lambs 

eonsumed considerably more grain than roughage; (2,) that 

the wethers consumed 40 per cent more food daily than the 

average of the lambs, and yet the greater average increase in 

weight of the former is scarcely worth mentioning; and (3,) 

that the general behavior of the lambs with reference to food 

consumption was on the whole very uniform. 

Weights of the Animals, — Table 55, gives the average 
and total weight of the animals in the various lots when the 
experiment began and ended, and also the average and total 
increase made. 

TABLE LV.— Weights and Increase. 





Wk 

Began 

Total 
lbs. 


IGHT WHBN 

Oct. 31. 

Ave. 
lbs. 


[ EXPBRIM 

Closed 

Total 
lbs 


BNT 

March 6. 

Are. 

lbs. 


Inch 

Total 
lb. 


BASB 

Ave. 

lbs. 


Lot 1 


2016 


100.8 


2618 


130.9 


602 


30.1 






Lot 2 


2167 
1883 
2c63 
1850 


72 2 
62.8 
6S.8 
61 7 


3053 
2823 
2062 
2616 


101.8 
94.1 
98.7 
87.2 


886 
940 
899 
766 


29.6 


Lot 3 


31.3 


Lot 4 


29.9 


Lot 5 


25.5 






Total 


7963 


265.5 


11454 


381.8 


3491 


116.3 






Arerage 


1991 


66 4 


2864 


96.5 


873 


29.1 







100 FATTE.VING LAMBS. 

It will be observed that the Oxford grades come first in 
axerage gains, the Wethers second, the Shropshire grades 
third, the Cotswold grades fourth, and the Merinos fifth. 
This greater increase of the Oxford grades may be greatly 
iccountedr-for by their having been leaner when they went 
under experiment. They gained nearly 6 pounds each more 
than the Merino grades, and yet they were not so heavy per 
animal as the Shropshire grades. Usually they are heavier 
than the latter, and the fact that they were not in this case 
may indicate that they are naturally a little too large for 
range conditions. The average gains made per month of 30 
days by the animals of the various lots during the 126 days 
of the experiment were as follows; 

Lot 1 7.1 7 pounds. 

Lot 2 7 05 pounds. 

Lot 3 7.45 pounds. 

Lot 4 7.12 pounds. 

Lot 5 6.07 pounds. 

Average 6 99 pounds. 
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These gains are not large, and yet they are probably up 
to the average. This may have arisen, perhaps, (1,) from the 
large proportion of the bran fed, especially at the beginning; 
and (2,) from the fact that the whole diet was too highly 
carbonaceous. Good clover hay or alfalfa would doubtless 
have given a much larger increase. The animals did not rel- 
ish so much bran, hence the proportion of the same was re- 
duced during the middle of the second period, contrary to 
what had been planned. Some oats and less bran would 
doubtless have given more satisfactory results. 



Cost oi Food Consumed. — Table 56, gives the cost oi 
each food factor consumed on an average by one animal in 
each lot, the sum of these, and also the total average cost 
of the food. 
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FATTENING LAMBS. 
TABLX LYI.— Cost of Food Coniiimed by the Animali. 



COST OF POOD CONSUMED. 







GRAIN 




ItOUGHAGE 


Grand 




Corn 
lb«. 


Bran 
IbR. 


Oil 
Cake 

lbs. 


Total 
lb«. 


Hay 

lbs. 


Sor- 
£^hum 

lb-*. 


Total 
lbs. 


Total 
lbs. 


Lot 1 


$ .57 


$ .36 


$ .28 


$1.21 


$ .12 


$ .17 


$ .29 


$1.50 




Lot 2 


.44 
.44 
.44 
.40 


.27 
.27 
.27 
.25 


.21 
.21 
.21 
.19 


.92 
.92 
.92 
.84 


.10 
.08 
.08 
.08 


.12 
.11 
.11 
.11 


.22 
.19 
.19 
.19 


1 14 


Lot 3 


1.11 


Lot 4 


1 11 


Lot 5 


1 03 






Total 


$1.72 


$1.06 


$ .82 


$3.60 


$ .34 


$ .43 


$ .79 


$4.39 




Averafire 


$ .43 


$ .26 


$ .21 


$ .90 


$ .09 


$ .11 


$ .20 


$1.10 







It will be noticed that the average cost of feeding one 
wether daring the 126 days of the experiment was $1.50. 
Each lamb in all the lots cost $1.10 for food, that is to say 
40 cents less than the wethers . Each Merino lamb cost 7 cents 
per head less than the average of all the lambs. The aver- 
age cost of feeding each lamb was .87 cents, that is to say, 
considerably less than 1 cent per animal per day. The low^ 
relative cost of the roughage as compared with the grain 
should be considered. The former cost only 20 cents per 
lamb, whereas, the latter cost 4Vi times as much. The con- 
sumption of roughage should be encouraged. This end can- 
not be secured, however, unless the fodder fed is of superior 
quality. 

Cost of Increase, — The cost of making 100 pounds of in- 
crease with the animals of the various lots was as follows: 

Lot 1 Wethers $4.99. 

Lot 2 Cotswold grade lambs 3.87. 

Lot 3 Oxford grade lambs 3.60. 

Lot 4 Shropshire grade lambs 3.76. 

Lot 5 Merino grade lambs 4.07. 

Average of grade lambs $3.81. 

The cost of making 100 pounds of increase with the- 
lambs of the sevetal lots was considerably less than the saidi 
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increase sold for. The average selling price of the lambs 
was $4.68 per 100 pounds, and the average cost of making 
100 pounds of increase was only $3.81. This good showing 
linked with the very moderate gains made by the lambs, is 
due to the feeding of cheap foods. But 100 pounds of in- 
crease with the wethers cost 74 cents more than it was 

worth, as the wethers sold for $4.25 per 100 pounds. 

Pro£t Made, — Table 57, gives; (1,) the value of the 
animals in each lot when the experiment began and closed; 
(2,) the cost of food consumed, and (3,) the profit made on 
each lot. 



TABUS LYII.— Values and Profit Hade During the Experiment. 





Value when 
Bx. Began 


Cost of 
Food 


Total 
Cost 


Value when 
Bx. Closed 


Profit 


Lot 1 


$ 80.64 


$ 30.09 


$110.73 


$111.26 


$ .53 


Lot 2 

Lot 3 

Lot 4 

Lot 5 


97.51 
84.73 
02.83 
83.25 


34.31 
33.80 
33.84 
31.13 


131.82 
118.53 
126.67 
114.38 


141.96 
134.09 
140.70 
120.34 


10.14 

15.56 

14.03 

5.96 


Total 


$358 32 


$133.08 


$491.40 


$537.09 


$ 45.69 


ATcrage... 


$ 89.58 


$ 33.27 


S122.85 


$134.27 


$ 11.42 



Table 58, gives; (1,) the average value of one animal 
in each lot when the experiment began and ended; (2,) the 
average cost of feeding one animal, and (3,) the average 
profit made on one animal in each lot. 

TiLBLE LVni.— Values and ?rofit Made on One Animal. 





Value when 
Bx. Began 


Cost of 
Food 


Total 
Cost 


Value when 
Bx. Closed 


Profit 


Lot 1 


$ 4.03 


$ 1.50 


$ 5.53 


$ 5.56 


$ .03 


Lot 2 

Lot 3 

Lot 4 

Lot 5 


3.25 
2 82 
3.10 
2.78 


1.14 
1.13 
1.13 
1.04 


4.39 
3.95 
4.23 
3.82 


4.73 
4.47 
4.69 
4.01 


.34 
.52 
.46 
.19 


Total 


$ 11.95 


$ 4.45 


$ 16.39 


$ 17.90 


$ 1.51 


Arerage.. 


$ 2.99 


$ 1.11 


$ 4.10 


$ 4.47 


$ .38 



2M FATTENING LAMBS. 

The profit made on each individual wether was only ft 
cents — a margin dangerously narrow. The average profit 
on the lambs, viz., 38 cents per head, was not really large. 
That on the lambs of lot 3, viz., the Oxford Down grades 
was 52 cents per animal, which is a fair profit, and it was 
followed closely by a profit of 46 cents per animal on the 
Shropshire grades of lot 4. The profit on the Merino grades 
of lot 5 was much lower, being only 19 cents. With the 
lambs, however, these variations were caused in part by the 
variation in values made by the dealer to whom they were 
sold. The Cotswold grades sold for $4.65 per 100 pounds, 
the Oxford Down grades for $4.75, the Shropshire grades 
for the same and the Merino grades for $4.60. The dealer 
claimed that the Cotswold grades were a trifle coarse, 
hence, the discount of 10 cents per 100 pounds on them. 
The Merinos were discounted at the rate of 25 cents per 100 
pouads when finished. The validity of so doing should not 
perhaps be questioned. But it w^asperhaps not quite fair to 
the Merino grades to value them quite as high as the other 



ropshlre Grade Lambs wheo the BxperimcDt Begui. 
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lambs -when they were bought, but no distinction was made 
by thesdler. The wetherssold for $4.25 per 100 pounds.an 
advance of only 25 cents on the price paid. The lambs were 
bought for $4.50 per 100 pounds. The price paid was dear, 
as stockers were in great demand at the time. 



Fig, 108. Sbropsbire Grade Lambi when the Bxpeiimcnt Cloud. 

The wethers and lambs were sold during a lull following 
the brisk prices of February preceding. Soon after they 
were sold lambs took a great spurt. Two lots under exper- 
iment at the Station at the time, sold a few weeks later for 
the exceedingly high figure of $6.25 per 100 pounds. Had 
their price been obtained for the lambs in the various lots, 
the profit made on the 120 animals included in these lots 
would have been $217.50 instead of $45.69. Thus greatly 
are values affected by changed market conditions. 

Disposal of the Animals. — The animals of the five lots 
were sold to the Vanhoven Co., of St. Paul. They were 
slaughtered for home consumption, that is to say for con- 
sumption in the cities of St. Paul and Minneapolis. The 
prices paid have already been given. 
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FINANCIAL STATEMENT. 

Value of 20 wethers when the experiment closed Mnrch 

6, 1899, on the basis of actual receipts $111.26 

Value of 130 lambs when the experiment closed on the 

same basis 537.09 

Total value $648,35 

Value of 20 wethers when the experiment began Oct. 3 1 , 

1898, on the basis of cost $ 80.64 

Value of 130 lambs when the experiment bepan on the 

same basis 358.32 

Total value $4-38.96 

Cost of food 163.17 $602.13 

Total net profit $ 46.22 

Net profit on one wether .08 

Net profit on one lamb .38 

Observations. — 1. It will be noticed that the food was 
estimated at the average market values in the State. Ordin- 
arily those are in excess of the cost of production and there- 
fore in excess of the home values, hence they represent the 
profit as being less than it really is. 

2. The value of the manure is supposed to oflFset the 
cost of labor, the cost of litter, and the interest on the 
money invested. 

IMPORTANT FACTS SUMMARIZED. 

VALUES. 

1. Values of the wethers per 100 pounds on the basis 

of cost, when the experiment began Oct. 31st, 1 898, $4.00 

2. Value of the lambs per 100 pounds when the ex 
periment began, on the same basis 4.50 

3. Value of the wethers per 100 pounds on the basis 
of receipts, when the experiment closed, March 6, 

19C1 4.25 

4. Average value of the lambs per 1 00 pounds when 

the experiment closed on the same basis 4.68 

5. Advance in value per 100 pounds of the wethers... .25 

6. Average advance in value per 100 pounds of the 

lambs .18 

WEIGHTS. lbs. 
1. Average weight of the wethers wher the experi- 
ment began Oct. 31, 1898 lO'^ 8 
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2. Average weight of the lambs when the experi- lbs. 
ments began 66.4 

3. Average weight of the wethers when the experi- 
ment closed, March 6, 1899 130.9 

4. Average weight of all the lambs when the experi- 
ment closed 95.5 

INCREASE IN WEIGHT. 

1 . Average increase in weight made by the wethers 

from 126 days of feeding 30.1 

2. Average increase in weight made by the lambs of 

all the lots 29.1 

3. Average increase made by the wethers per month 

of 30 da vs during the experiment 7.17 

4. Average increase made by the lambs of all the lots 

per month of 30 days 6.92 

FOOD CONSUMED. 

1. Ayerage daily consumption of food by the wethers 

during the expeiiment 3.5 

2. Average daily consumption of food by the lambs 

of all the lots 2.5 

COST OF FOOD. 

1. Average cost of food per day for the wethers dur- 
ing the experiment $1.20 

2. Average cost of food per day for the lambs of all 

the lots .88 

COST OF INCREASE. 

1 . Average cost of making 100 pounds of increase 

with the wethers during the experiment 4.99 

2. Average cost of making 100 pounds of increase 

with the lambs of all the lots 3.81 

INCREASE IN VALUE. 

1 . Average value of each wether when the experiment 

began Oct. 31, 1898 4.03 

2. Average value of each lamb in all the lots when 

the experiment began 2.99 

3. Average value of each wether when the experi- 
ment closed, March 6, 1899 5.56 

4. Average value of each lamb when the experiment 

closed 4.47 

5. Average increase in value of each wether during 

the experiment , 1.53 

6. Average increase in value of the lambs in all the 

lots during the experiment 1.48 

PROFITS. 

1. Aggregate net profit from feeding 20 wethers for 

126 days .53 

2. Aggregate net profit from feeding 130 lambs 45.69 
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3. Average net profit from feeding 1 wether .03." 

4. Average net profit from feeding 1 lamb in all the 

lots .38 

CONCLUSIONS. 

f 

The following are prominent among: the conclnsions 
that may be drawn from the experiment: 

1. That in this experiment, while the average consump- 
tion of food by the lambs of the several lots was nearly the 
same, that is 2.5 pounds per day, that by the wethers was 
3.5 pounds per day, or 40 per cent greater. 

2. That notwithstanding the wethers consumed 40 pa- 
cent more food than the lainbs, the increase in weight by the 
wethers was but 3.4 per cent greater than that made by the 
average of the lambs. 

3. That while the average cost of making 100 pounds 
of increase was $3.81 with the lambs of the four lots, the 
cost of the same with the Merino grades was $4.07 or 6.8 
per cent more than the average, and with the wethers it was 
$4.99 or 31 per cent greater than with the average of the 
lambs. 

4. That in this experiment the average profit from feed- 
ing one lamb for 126 days was 38 cents, and from feeding 
one wether it was but 3 cents under the same conditions. 

5. That while the difference in relative adaptation for 
fattening in the lambs of the different lots was not very 
great, it was the lowest in the lambs of the Merino grades. 

OATS AS A FACTOR IN FEEDING LAMBS. 

Section No. 2. 

It had been noticed in previous experiments that the 
gains obtained from feeding com and bran as the grain por- 
tion of the ration had not been equal to those obtained in 
other experiments from feeding mixtures more varied. It 
had especially been noticed that when large quantities of 
bran had been fed, the results were not quite satisfactory 
when viewed from the standpoint of keenness of relish for 
the food on the part of the animals or in the gains made by 
them. The question was thought of sufficient importance 



SUMMARY OF IMPORTANT PACTS. 209 

to justify further experimentation. It was determined, there- 
fore, to feed two lots of lambs, one of which should get only 
«orn and bran as the meal portion, while the other would 
toe given oats in addition. 

Time Covered by the Experiment. — The experiment be- 
:gan March 13th, 1899, and closed June 5th, 1900, covering 
^ period of 84 days. This period would not be sufficiently 
long for putting the highest finish on lambs low in flesh or 
-even in medium flesh. But the lambs chosen for this experi- 
tnent were in a fair condition of flesh when the experiment 
tegan. 

Objects oi the Experiment. — The chief object of the ex- 
periment was to ascertain the value of bran and corn, as 
compared with bran, corn and oats when similarly fed and 
when viewed (1,) from the standpoint of increase in weight, 
•(2,) from that of profit, and (3,) from that of all around 
isuitability. 

The secondary objects sought were information (1,) as 
to relative daily consumption of food, and (2,) as to rela- 
tive daily increase in weight. 

The Animals Used, — The animals used, (16 in number) 
were Dorset grades. They had been grown on the farm and 
\Nrere of only average development, as the choice lambs from 
the flock had previously been disposed of. They had been 
grown largely on pastures sown for the purpose, and had 
been accustomed, during a part of the time, to more or less 
of a light grain supplement. The pastures included, winter 
rye, oats and barley, sorghum, com and rape, grown in 
more or less of a succession, or rather in various successions. 

Food and Feeding, — The lambs were divided into two 
lots. Each lot, therefore, consisted of 8 animals, and they 
were known as lots 1 and 2 respectively. The season of 
feeding was divided into 3 periods of 28 days each. During 
the first period, the lambs in lot 1 were given bran and com 
in the proportionsof 5 and 5, and those in lot 2, bran, corn 
and oats in the proportions of 3, 3 and 4 parts respectively. 
During the second period the proportions for the lambs in 
lot 1 were 4 and 6 parts, and for those in lot 2, 3, 4 and 3 
parts. During the third period the proportions of bran and 
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com for the lambs in lot 1 were 2 and 8 parts, and of bran, 
com and oats for the lambs in lot 2, 2, 6 and 2 parts re- 
spectively. These proportions relate to weight. The grain 
was fed nnground and was given in two feeds, viz: morn- 
ing and evening. Clover hay was fed for roughage and in 
three feeds per day. The lambs were given all they would 
eat with a relish, both of grain and hay. 

Estimated Value of the Food. — The food was estimated 
at the average market values in the state, as follows: 

Hay per ton $ 5.50 

Bran per ton 10.00 

Corn, per bushel 22 

Oats, per bushel 21 

Food Consumed, — Table 59 gives the totals of grain 
and hay consumed by the lambs of the two lots during 
the experiment; the sum of these, and the average total con- 
sumption by each lamb. 

TABLE LIX.— Food Goninmed by the Lambs. 

CONSUMPTION OF FOOD. 



LOT 


GRAIN 


HAY 
lbs. 


TOTAL 
lbs. 




Corn 
lbs. 


Bran 

lbs. 


Oats 

lbs. 


Total 
Ihs. 


• 

1 


Total 


615 


378 




993 


517 


1510 


Average 


77 


47 




124 


65 


189 


2 


Total 


437 


320 


283 


1040 


516 


1555 


Average 


5f> 


40 


36 


130 


64 


194 



The amount of food consumed by the lambs in the two 
lots varied but little. Those in lot 2, to which the oats were 
fed, consumed 2 pounds less hay than those in lot 1, and 47 
pounds more grain. In a feeding period of 84 days the dif- 
ference in the consumption of food was scarcely worth not- 
ing. 

Table 60, gives: — (1,) the daily consumption of grain 
and hay by the lambs in each lot; (2,) the cost of the food; 
(3,) the increase made; and (4,) the averages of these for one 
lambs. 



FOOD CONSUMED— WEIGHTS AND INCREASE. 
TABLE LZ.— Daily Consumption of Food. 
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LOT 


CONSUMPTION OP 


Cost of 
Food 


Increase 




G»*ain 
lbs. 


Hay 
lbs. 


Total 
Ids. 


1 


Total 


11.8 


62 


18.0 


6.8 cts 


.8 


A verage 


1.5 


.8 


2.3 


.8 cts 


.1 


2 


Total 


12.4 


6.1 


18.5 


7.8 cts 


1.2 


Average 


1.5 


.8 


2.3 


l.Octs 


.15 



The slight difference in the amounts of food consumed 
by the lambs has already been noted. The food fed to the 
lambs in lot 2 cost $1.00, or 12% cents per lamb more than 
that fed to lot 1. This was caused by the higher relative 
value of the oats fed as compared with the bran and com. 

Weights of the Animals. — Table 61, gives the ag- 
gregate weights of the lambs in each lot when the experi- 
ment began and ended, the aggregate increase in weight, 
and the averages of these. 



TABLE LXI.— Weights and Increase. 



Lot 


WEIGHTS WHEN EXPERIMENT 


Increase 












Began Nov. 13 
lbs. 


Closed Feb. 5 
lbs. 


lbs. 


1 


Total 


720 


787 


67 


Average 


90 


98.4 


8.4 




Total 


704 


809 


105 


2 










Average 


88 


101.1 


13.1 



The low aggregate gains made by the lambs is notice- 
able. Each lamb in lotl gained only 3.0 pounds per month 
of 30 days. Each lamb in lot 2 gained 4.7 pounds. These 
gains were low, less than half what might be expected from 
such lambs. The explanation is not easy. The lambs were 
well cared for and carefiiUy fed. It may have arisen in part 
from the fact that the lambs were not of the first choice 
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among those grown, and from the further fact, that they 
had received grain previously when on the green food. 
Neither explanation seems entirely satisfactory, but the fact 
remains that the increase was small. It will be noticed, 
however, that the gains made by the lambs, which were fi d 
oats along with bran and corn, were much more satisfactoiy 
than those to which no oats were given. The average 
consumption of food, only 2.3 pounds per day as shown in 
table 42, was low and this also may have aflfected the gains 
adversely. 

Cost of Food, — Table 62, gives the cost of each food 
factor consumed by the lambs of the two lots, the sum of 
these, and the average cost for each lamb of the two groups. 

TABLE LXII.— Cost of Food Consnmed. 

COST OP FOOD. 



LOT 


GRAIN 


HAY 


TOTAL 




Corn 


Bran 


Oats 


Total 


1 


Total 


$2.42 


$1.89 


$ 


$4.31 


■ ■ 
$1.42 


$573 


Average 


.30 


.24 




.54 


.18 


.72 


2 


Total 


1.72 


1.60 


1.86 


5.18 


1.42 


6.60 


Average 


.22 


.20 


.23 


.65 


.18 


.83 



The cost of food was very low for the lambs in both 
lots, but the proportionate gains were even relatively lower, 
hence the cost of the increase made duriog the experiment 
w^as relatively high as is shown below. 

Cost of Increase, — The cost of making 100 pounds of 

increase w^as as below: 

Lot 1 $8.62. 

Lot 2 6.28. 

Notwithstanding the moderate price of the foods fed, 

the average cost of producing 100 pounds of increase was 

considerably greater than with the lambs in any previous 
experiment conducted by the writer at the Minnesota Sta- 
tion. This arose, as already intimated, from the small in- 
crease made by the lambs. 
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Pro&t Afac/e.— Table 63, gives (1,) the total value of the 
lambs in each lot when the experiment began and ended; (2,) 
the cost of food and the total cost; (3,) the profits made; and 
4, the average of these for each lamb. 

TABLE LZIII — Yalnei and Profit Made Daring the Experiment. 



LOT 




Value 

when 

Kx. began 


Cost 

of 
Food 


Total 
Cost 


Value 

when Bx. 

Closed 


PROFITS 


1 


Total 


$28.80 


$5.73 


$34.53 


$49.19 


$14.66 


Average 


3 60 


.72 


4.32 


6.15 


1.83 


2 


Total 


28.16 
3.52 


6.60 


34.76 


60.56 


15.80 


Average 


.83 


4.35 


6.32 


l.©7 



The profits on the lambs were unusually large. On. 
those of lot 1 the profit for feeding 84 days was $1.83 per 
lamb, and on those in lot 2, $1.97 per lamb. It should be 
noted, however, that this unusual profit arose from what 
may be termed accidental circumstances r^l her than from 
the increase made by the lambs. It arose from the great ad- 
vance in the price of mutton during the experiment. When 
the experiment began, the lambs were valued at $4.00 per 
100 pounds live weight, and this was all that could have 
been obtained for them in the open market. They sold in 
the St. Paul I've stock market for $6.25 per 100 pounds, at 
the close of the experiment. The advance in value on the 
estimated price was $2.25 per 100 pounds, which was very 
unusual. 

Disposal of the Lambs, — The lambs were disposed of 
at the Station. They were slaughtered in St. Paul and for 
the retail trade. 
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FINANCIAL STATEMENT. 

Cash received for 16 lambs, ag^re^ate weight 1596 
pounds, at $6.25 per 100 pounds, when the experU 
ment closed Feb. 25th, 1900 $ 99.75 

Estimated value of 16 lambs, aggregate weight 1424 
pounds, at $4.00 per 100 pounds, when the experi- 
ment began Nov. 13th, 1899 $56.96 

Cost of food 12.33 



Total outlay $69.29 

Total net profit $30.46 

Net profit on one lamb 1.90 

Observations. — 1. Since the food given was charged at 
the average market values in the state, these would repre- 
sent more than the cost of growing the same, and would, 
therefore, be so far unfavorable to the making of profits. 

2. The value of the manure is supposed to offset the 
cost of bedding and labor, and also the interest on the 
money invested. 

IMPORTANT FACTS SUMMARIZED. 

VALUES. 

1. Estimated valae per 100 pounds on the basis of mar- 
ket values when the experiment began Nov. 13, 1899... $ 4.00 

2. Value per 100 pounds on the basid of receipts when 

the experiment closed Feb. 25, 1900 6.25 



3. Adyance in value per 100 pounds $ 2.25 

WEIGHTS. Lbs. 

1. Average weights of the lambs in lot 1, when the ex- 
periment began Nov. 13, 1899 90 

2. Average weight of the lambs in lot 2 at same date 88 

3. Average weight of the lambs in lot 1 when the experi- 
ment closed Feb. 25, 1900 98.4 

4. Average weight of the lambs in lot 2 at same date 101.1 

INCREASE IN WEIGHT. 

1. Average increase in weight made by the lambs in lot 

1 from 84 days feeding 8.4 

2. Average increase in weight made by lambs in lot 2.... 13.1 

3. Average increase per month of 30 days, made by the 
lambs in lot 1 3.0 

4. Average increase per month made by the lambs in 

lot 2 4.7 

FOOD CONSUMED. 

1. Average daily consumption of food by the lambs in 

lot 1, grain 1.5 pounds, hay .8 pounds 2.3 
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2. Average daily consumption of food by the lambs in 

lot 2, grain 1.5 pounds, h&y .8 pounds 2.3 

COST OF FOOD. cts. 

1. Average cost of food per day by lambs in lot 1 .8 

2. Average cost of food per day by lambs in lot 2 1.0 

COST OF INCREASE. 

1. Average cost of making 100 pounds of increase with 

the lambs in lot 1 $8.62 

2. Average cost of making 100 pounds of increase with 

the lambs in lot 2 6.28 

INCREASE IN VALUE. 

1. Average value of each lamb in lot 1, when the experi- 
ment began Nov. 13, 1899 $3.60 

2. Average value of each lamb in lot 2, when the experi- 
ment began 3.62 

3. Average value of each lamb in lot 1, when the experi- 
ment closed Feb. 25, 1900 6.16 

4. Average value of each lamb in lot 2, when the experi- 
ment closed 6.32 

5. Average increase in value of the lambs in lot 1, dur- 
ing the experiment 2.55 

6. Average increase in value of the lambs in lot 2, dur- 
ing the experiment 2.80 

PROFITS. 

1. Aggregate net profit from feeding the 8 lambs in lot 1, $14.66 

2. Aggregate net profit from feeding 8 lambs in lot 2 15.80 

3. Average net profit from feeding 1 lamb in lot 1 1.83 

4. Average net profit from feeding 1 lamb in lot 2 1.97 

CONCLUSIONS. 

The following are prominent among the conclusir ns that 
may be drawn from the experiment: 

1. That the lambs fed on bran, com, oats and hay and 
those fed on bran, corn and hay consumed practically the 
came amounts of food. 

2. That during the feeding period, 84 days, the lambs 
fed on bran, oats, corn and hay increased 36 per cent more 
than those fed bran, com and hay. 

3. That the lambs fed on bran, com, oats and hay, 
made more profit than those fed on bran, com and hay, not- 
withstanding the cost of the daily ration for the former 
was practically .2 cents more per animal. 

4. That with prices in resonable balance, bran, com, 
oats and hay make a more satisfactory ration for lambs 
that are being fattened than bran, com and hay. 
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BALANCED AND UNBALANCED RATIONS IN FAT- 
TENING LAMBS. 

Section No. 3. 

When fattening lambs in the Northwest, or indeed any 

kind of live stock, the tendency is to feed only a limited 

number of food factors, giving the preference, of course, to 

those that are cheap. This means that when screenings are 

not fed, the food usually consists of com tempered with 

wheat bran, as these two foods are usually cheaper pound 

for pound than oats, rye and barley. Field roots, also, 

which grow in fine form in the Northwest, are but seldom 

used in fattening any kind of livestock. It had been noticed 

in a previous experiment that a relatively large increase had 

been obtained from feeding mixed grains and roots. It was 

determined therefore, in this instance to feed such a diet in 
comparison with a grain portion of bran and com only. 
Both lots were to be given com fodder, since that can be 
more cheaply grown under present conditions than any 
other kind of roughage produced on the arable farm. 

Time Covered by the Experiment, — The experiment be- 
gan Dec. 3, 1900, and closed Feb. 25, 1901. It therefore 
covered a period of 12 weeks or 84 days. The lambs to 
which the field roots were given could probably have been 
fed longer at a profit, owing to the influence which field 
roots exercise in promoting continuity in growth. 

Objects of the Experiment, — Prominent among the ob- 
jects of the experiment w^as the desire to ascertain the rela- 
tive s»^itability of bran and corn for fattening lambs, as pit- 
ted against a mixture of grains with field roots added: (1,) 
with reference to theincrease produced; (2,) with reference to 
the cost of production; and (3.) with reference to all round 
suitability. The secondary objects sought to ascertain (1,) 
the daily increase; (2,) the relative amounts of food consumed 
daily; and (3,) the relative cost of producing 100 pounds of 
increase. 

The Animals Chosen for the Experiment, — The animals 
chosen for the experiment w^ere Dorset grades grown upon 
the farm. They were the offspring of a pure Dorset sire, and 
of dams, many of which had been reared on the range. The 
lambs included animals of both the first and second crosses 
of pure Dorset blood. The dams and grandams were of 
mixed breeding, with evidences of Merino blood as the 
foundation element. The lambs were the remnant left after 
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the most mature animals, and it may be added, the best ani- 
mals, had been sold the previous spring in Chicago. It will 
be apparent, therefore, that they were but ordinary lambs, 
and not possessed of the highest capacity for development. 

Food and Feeding.— The 16 lambs in the experiment 
were divided into two lots making 8 in each lot. The whole 
feeding period of 84 days was divided into three periods of 
4 weeks each. The fodder for both lots, as previously iH' 
timated, was corn, grown so thickly that it was fine rather 
than coarse in character. The grain fed to lot 1 consisted 
of com and bran. During the first period it was fed in the 
proportions of 6 and 4 parts, repectively; during the second 
period 7 and 3 parts; and during the third period 8 and 2 
parts. The lambs of lot 2 were given com, bran, oats and 
barley. During the first period these were given in the pro- 
portions of 4, 1, 3 and 2 parts, respectively. During the 
second period they were fed in the proportions of 5, 1, 3 and 

1 parts; and during the third period in the proportions of 6, 
1, 2 and 1 parts. These proportions are by weight. The 
lambs in lot 2, were also fed field roots consisting of man- 
gels and carrots. These were fed to them with much free- 
dom, and they were given daily, but in alternation. The 
grain was not ground, and the proportions given relate to 
weight. The roots were sliced. The grain and roots vsrere 
fed in two feeds and the fodder in three feeds. Each division 
of the shed in which the lambs were fed was 12x12 feet re- 
spectively, and except in time of storms tbey virtually had 
fi-ee access to yards in front of these divisions. Water and 
salt were always accessible. 

Estimated Value of the Food. — Thefood was estimated 
at what were considered market values in the state. These 
were as follows: 

Com, per bushel $ .30. 

Barley, per bushel 36. 

Oats, per bushel 25. 

Bran per ton 12.00, 

Corn fodder 2.50. 

Roots, per bushel of 50 pounds 05^ 

Food Consumed, — Table 64 gives 1, the amount of 
each food factor consumed by the lambs during each period of 
the experiment; 2, the sum of each food factor consumed 
during the experiment; and 3, the average consumption by 
each lamb: 



218 



FATTENING LAMBS. 



5 



X 




a 




S 




9 




a 


PH 




n 


P> 




.o 


Q 


•2 


tt 


• 
p 


1^ 




(/i 


d 


z 


s 





•« 


o 


o 
o 


Q 


^ 


O 


1 


o 


• 


PE< 


•H 




H 




»JI 




H 




4-4 









Roots 
lbs. 


H 

to 


« 
00 


00 


ri 


<0 
00 


C4 

H 
H 


o 

CO 
CO 


CO 
CO 




el.- 

0*0^ 


H 

? 


• 

O 


<0 

m 

CO 


M 

"* 


CD 

m 

CO 


C4 


CO 
lO 


• 


• 

H 
O 

h4 




"3^ 




• 

10 


10 


CO 
(0 


o 

10 


0> 

ci 


H 


10 

• 

o 

00 

H 


PQ 


00 


H 


o 

10 


• 


o 

10 


CI 

• 

(0 


00 

It 


CO 

c« 




-*4 
CO 


• 


C4 
10 


O 

• 

H 


o 


(0 


00 
CO 


00 






10 

• 

10 


o 

10 


CO 
(0 . 


O 
10 


C« 

• 


1 


00 
H 


0^ 




• 

H 


CI 

10 


10 

• 

CO 


CO 

o 

CO 


0> 

• 

I* 

CO 


0> 

c« 


• 

n 
0> 


1 

• 

^4 




u 

PC4 


0) 
10 


(0 


CO 


0) 

• 

H 


«0 
CO 
CO 


0> 

• 


00 
H 
ri 


(0 

• 

00 
H 

10 

H 

c« 

• 




X 


CO 
10 


H 


CO 
10 


o 

H 


• 


<0 
10 

H 






• 


■ 

10 


• 

10 


00 


c« 

• 

o 

H 


00 
CO 


. 




CO 


CO 


CO 


00 
N 

CO 


o 

• 

H 




00 

• 

Ok 

o 




-3 




Si 

> 
< 


«-4 

-M 








U 

> 
< 


3 




a 
> 
< 









r 


\ 


^ 


1 


ff 


J 


C 


4 

J 

> 

) 



WEIGHTS AND INCREASE. 



219 



It will be noticed, that notwithstanding the lambs in 
lot 2 consumed 3306 pounds of roots during the experi- 
ment, they also consumed 188 pounds more grain. It would 
thus appear that one eflfect of the roots was to stimulate the 
appetite so that a larger consumption of each of the other 
food factors was secured. This larger consumption of food 
was of course favorable to increase in weight. The ration 
fed to the lambs in lot 1 was not in balance, though one 
that is frequently used in fattening lambs in the Northwest. 

Table 65, shows the daily consumption of food by the 
lambs in the two lots and the average daily consumption 
by each lamb: 

TABLE LXV.— Dail^ ConmmptioA of Food. 



LOT 




Meal 


Com Fodder 


Roots 


1 


Total 


15.0 


14 2 




Average 


l.D 


1.8 




2 


Total 


17.2 


13.7 


39.3 


Average 


2.1 


1.7 


4.9 



The difference in the consumption of food by the lambs 
was very marked. Those in lot 1 consumed of grain and 
fodder 3.7 pounds per day. Those in lot 2 consumed 3.8 
pounds daily of the same, and in addition 4.9 pounds of 
roots. They, therefore, consumed daily 8.7 pounds of food 
against 3.7 pounds by the lambs in lot 1. The relative con- 
sumption of roots was very large, so large as to raise the 
question as to whether a smaller amount of roots would 
not as well answer the end sought from feeding roots. 

Weights of the Animals. — Table 66, gives the total 
weights of the lambs in each lot when the experiment be- 
gan, the average weight of each lamb, and the increase in 
weight: 

TABLE LXVI.— Weights and Increase. 



LOT 




Weight Dec. 3. 
lbs. 


Weight Feb. 25. 
lbs. 


Gain. Total 
lbs. 


1 


Total 


744 


862 


118 


Average 


93 


107.8 


14.8 


2 


Total 


775 


976 


201 


Average 


96.9 


122 


25.1 
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Each lamb in lot 1 made a gain of 14.8 pounds in the 84 
^ays of the experiment, while each lamb in lot 2 made a 
gain of 25.1, or well on toward twice as much. The aver- 
age gain of the former, therefore, was only 5.3 pounds per 
month of 30 days, while th« average of the latter was vir- 
tually 9 pounds per month. The diflFerence in the increase is 
thus very marked. 

Table 67, gives the increase in the weight of the lambs 
of the two lots during each of the three periods of the ex- 
periment: 



TABLE LXVII.— Increase in Weight by Periods. 



' 




FIRST 


SECOND 


THIRD 


TOTAL 


LOT 


Dec 3 

to 
Dec. 31 


Dec, 31 

to 
Jan. 27 


Jan. 27 

to 
Feb. 25 


Dec. 3 

to 
Feb. 25 


1 


Total 


7.0 


6v*.0 


42.0 


118.0 


Average 


1 1.0 


8.5 


5.3 


14 8 


2 


Total 


60.0 


71.0 


70 


201.0 


Average 


7.5 


8.8 


8.8 


25.1 



The gains made by the lambs in lot 1 were fitiul and un- 
even. On the other hand the gains made by the lambs in 
lot 2 were nearly uniform and even. Why so little increase 
was made by the lambs in lot 1 during the first period is not 
clearly apparent. As the increase with them was much less 
the third period than the second, it is more than probable 
that had the feeding been prolonged, the gains would have 
grown less. This result would not likely have occurred, for 
some time at least, with the lambs in lot 2, owing to the 
character of the factors embodied in the diet. 

Cost of Food, — Table 68 gives the cost of food fed to 
the lambs of the respective lots, and the average cost of the 
same for the lambs in each lot: 
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TABLE LXVIII.— Cost of Food Gonsumed. 



LOT 




Meal 


Com 
Fodder 


Roots 


Total 


1 


Total 


$6.97 


$1.49 


$ 


$8.46 


Average 


.87 


.19 




1.06 


2 


Total 


9.16 


1.44 


3.31 


13.91 


Average 


1.15 


.18 


.41 


1.74 



The cost of feeding one lamb in lot 2 for 84 days was 68 
cents more (64 per cent) than for feeding one lamb in lot 1. 
This was due first and largely to the large consumption of 
field roots, and second, to the increased consumption of 
grain. This of course had a very important bearing on the 
profits. 

Cost of Increase. — The cost of making 100 pounds of 

increase with the lambs in the two lots was as follows: 

Lotl $7.17 

Lot 2 6.92 

The cost of increase with the lambs in both lots was 
large. This was owing to the comparatively high price of 
the lood but more to the very moderate increase made by 
the lambs in lot 2, and the small increase made to those in 
lot 1. 

Pro£t Made. — Table 69, gives (1,) the valueof the lambs 
when the experiment began and ended; (2,) the cost of food 
and the total cost; (3,) the profit on the lambs in each lot, 
and (4,) the averages of these respective items for the lambs 
in each lot. 

TABLE LXIX.— Values and Profits Made Daring the Experiment. 



LOT 




Value 

vrhen Bx. 

Began 


Cost 

of 
Food 


Total 
Cost 


Value 

when Ex 

Closed 


Profit 


1 


Total 


$29.76 


$ 8.46 


$38.22 


$40.94 


$ 2.72 


Average 


3.82 


1.06 


4.78 


5.12 


.34 


2 


Total 


31.00 


13.91 


44.91 


48.80 


3.89 


Average 


3.88 


1.74 


5.61 


6.10 


.49 
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It will be noticed that the profit from the lambs in lot 2 
was 15 cents more per animal than from those in lot 1. 
This profit would doubtless have been greater had the lambs 
in lot 2 been given a less quantity of roots per day. This^ 
however, must rest in the meantime for determination by 
future experiments. The lambs in both lots were valued at 
$4.00 per 100 pounds when the experiment began. Those 
in lot 1 were valued at $4.75 per 10(> pounds when the ex- 
periment closed, and those in lot 2 at $5.00 per 100 pounds. 
These estimates were based on market values in the South 
St. Paul Stock Yards. The lambs were sold to the School 
of Agriculture to be used on the dining hall tables of the 
same. The difference in the value of the lambs of the two 
lots was probably really greater than estimated, as the 
lambs to which roots were fed produced a better mixed and 
more juicy product of dressed meat than the lambs not so 
fed. 

Disposal of the Lambs. — As already stated, the lambs 
were turned over to the butchering department of the 
School of Agriculture. They were not slaughtered immedi- 
ately on the close of the experiment, but were so soon there- 
after that the delay in no way invalidates any of the find- 
ings of the experiment. 

FINANCIAL STATEMENT. 

Estimated value of 8 lambs in lot 1 when the experi- 
ment closed, Feb. 25, 1901, at $4.75 per 100 lbs... $40.94 

Value of 8 lambs in lot 2, at the same date, at $5.00 

per 100 lbs 48.80 

Total value of 16 lambs $89.74 

Estimated value of the 16 lambs when the experiment 

began, Dec. 3, 1900, at $4.00 per 100 lbs $60.76 

Cost of food 22.37 

Total outlay $83.13 

Total net profit..'. 6.61 

Net profit on one lamb .42i 

Observations. — 1. The food fed was estimated at aver- 
age market valttes in the state. The profit would probably 
have been greater had home values been charged for the 
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same, since food can usually be grown at less cost than it 
will sell for in the market. 

2. The value of the manure is supposed to oflFset the 
cost of bedding and labor and also the interest on the money 
invested. 
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VALUES. 

1. Estimated value per 100 lbs. of all the lambs on the 
basis of market values when the experiment began 

Dee. 3,1899 $ 4.00 

2. Estimated value per 100 pounds of the the lambs in 
lot 1 on the basis of market values when the experi- 
ment closed Feb. 26, 1901... 4.75 

3. Estimated value per 100 lbs. of the lambs in lot 2 on 

the same basis and at the same time 5.00 

4. Advance in value per 100 lbs. of the lambs in lot 1 .75 

5. Advance in value per 100 lbs. of the lambs in lot 2.... 1.00 
WEIGHTS. Lbs. 

1. Average weight of the lambs in lot 1 when the exper- 
iment began Dec. 3, 1901 93.0 

2. Average weight of the lambs in lot 2 at same date 96.9 

8. Average weight of the lambs in lot 1 when the experi- 
ment closed Feb. 25, 1901 107.8 

4. Average weight of the lambs in lot 2 at the same date 122.0 
INCREASE IN WEIGHT. 

1. Average increase in weight made by the lambs in lot 

1, from 84 days feeding 14.8 

2. Average increase in weight made by the lambs in lot 2 25.1 

3. Average increase per month of 30 days made by the 
lambs in lot 1 5.3 

4. Average increase per month made by the lambs in lot 2 9.0 
FOOD CONSUHED. 

1. Average daily consumption of food by the lambs in 

lot 1, grain 1.9 lbs. and fodder 1.8 lbs 3.7 

2. Average daily consumption of food by the lambs in 

lot 2, grain 2.1 lbs. fodder 1.7 lbs. and roots 4.9 lbs.. 8.7 

COST OF FOOD. Cts. 

1. Average cost of food per day for the lambs in lot 1... 1.3 

2. Averaere cost of food per day for the lambs in lot 2.... 2.0 
COST OF INCREASE. 

1. Average* cost of making 100 lbs. of increase with the 
lambs in lot 1 $7.17 

2. Average cost of making 100 lbs. of increase with the 
lambs in lot 2 6.92 
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INCREASE IN VALUE. 

1. Averafife value of each lamb in lot 1 when the exper- 
iment began Dec. 3, 1900 3.8a 

2. Average value of each lamb in lot 2 when the experi- 
ment began 3.88^ 

3. Average value of each lamb in lot 1 when the experi- 
ment closed Feb. 25, 1901 5.1^ 

4. Average value of each lamb in lot 2 when the experi- 
ment closed 6.10= 

5. Average increase in value of the lambs in lot 1 dur- 
ing the experiment 1,30 

6. Average increase in value of the lambs in lot 2 dur- 
ing the experiment 2.2^ 

PROFITS. 

1. Aggregate net profit from feeding the 8 lambs in lot 1 

TOr O'X QayS .....^.r.-rr.-rr.-.-.-.-.-. .... ^.1^ 

2. Aggregate net profit from feeding the 8 lambs in lot 2 

for same time 3.8^ 

3. Average net profit from feeding 1 lamb in lot 1 .34- 

4. Average net profit from feeding 1 lamb in lot 2 .4^ 

CONCLUSIONS. 

The following are prominent among the conclusions that 
may be drawn from the experiment: 

1. That the lambs in lot 2, which were given the more 
mixed diet of grain with roots added made 70 per cent more 
increase than the lambs in lot 1 to which were fed corn and 
bran without roots. 

2. That the cost of producing 100 pounds of increase 
was 3.6 per cent more with the lambs in lot 1 than with 
those in lot 2. 

3. That the finished product resulting from feeding 
mixed grain and roots was superior to that from feeding^ 
com and bran without roots. 

4. That a diet of grains, with roots added, notwith- 
standing its greater cost, may be more economical when, 
fattening lambs than a diet more restricted as to the grain 
factors composing it, in spite of the greater relative cheap- 
ness of the latter. 

5. That in this experiment the rationcomposedof bran,, 
com, oats and barley, field roots and com fodder, was more- 
satisfactory than one composed of bran, com and conk 
fodder only. 
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THOMAS SHAW. 

This bulletin contains three experiments. The first re- 
lates to fattening steers of different types, the second to feed- 
ing steers for short and long periods, and the third to feed- 
ing steers in the stable and the open shed. 

Section No. 1. 

FATTENING STEERS OF DIFFERENT TYPES. 

It is pretty generally understood by those who deal in 
dressed meat, that there is a marked difference in the value 
of the meat per pound furnished by dressed carcasses, even 
though the animals which produce the meat should be of the 
same age, and though they should be brought to the same 
perfection of finish. This difference therefore must be depen- 
dent on type, which is another way of saying that it is de- 
pendent on form. That meat from animals not possessed of 
the generally recognized orthodox beef form can be grown 
as profitably as from animals of the opposite type is 
generally conceded. It is also conceded that they cannot be 
so profitably fattened during what may be termed the feed- 
ing or finishing period. But there is a difference in opinion 
as to the precise cause or causes of the less profit thus ob- 
tained. Some claim that it arises entirely from the relative- 
ly lower price obtained from the meat when made. Others 
claim that it arises in part from less capacity to make in- 
crease in weight. This experiment, therefore, was conducted 
in the hope of obtaining some light on the question. 

Time Covered by the Experiment. — The experiment be- 
gan Nov. 1st, 1897 and ended March 21st, 1898. It, there- 
fore, covered a period of 140 days. This period was some- 
what shorter than it ought to have been to bring out the 
results sought in the best form, but it was closed thus early 
that some of the steers might be slaughtered for use by the 
School of Agriculture. 

The Objects of the Experiments, — Precisely stated, the 
chief objects of the experiment sought information: — 1, As 
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to the relative capacity of steers of diflFerent types to make 
gains during the fattening period; 2, As to the relative dif- 
ference in value in the meat thus made; and 3, as to the 
diflFerence in relative cost and profit in making it. The 
secondary objects of the same sought information: — 1, as to 
the relative consumption of food; 2, the relative daily gains 
from feeding it; and 3, as to the outcome generally from 
feeding steers with the prices for food and meat as in the 
experiment. 

The Animals Used. — The animals used, six in number, 
were purchased from Mr. C* D. Gilfillan, of Redwood Falls. 
They were chosen from a lot of steers that had been pur- 
chased for fattening wherever they could be obtained, and 
they were chosen with a view to obtain animals diflFering in 
type. They were as nearly as could be judged from appear- 
ance two years old past, and were wtat may be termed 
Shorthorns more or less highly graded. 

They reached the farm Oct. 8th, 1897, and were fed suit- 
ably until the experiment proper began. 

Conditions Governing' the Experiments. — The steers 
were divided into three lots of two each. In one lot were 
two steers possessed of what may be termed a fairly good 
beef form, that is to say, they were somewhat blocky in type 
and were possessed of smoothness in outline in a consider- 
able degree. Moreover, they had good backs and a round 
spring of rib. They were in fairly good condition as to flesh. 
In another lot were two steers of what may be termed the 
intermediate type. They were not of forms really undesir- 
able, but they were not so good in form as the two steers 
already described, and they were better in form than the 
other two animals of the experiment about to be described. 
They w^ere in medium condition as to flesh. In the next lot 
w^ere two steers large in form and somewhat rangy. They 
had a coupling somewhat long, a rib of rather open and 
downward spring, and were moreover a little coarse in bone. 
But the conclusion must not be reached that they were scrub 
steers. They probably had as much improved beef blood as 
the others, but in the beef form they were less desirable. 
They were somewhat larger than the other animals but they 
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were less well fleshed. These will be designated as lots 1, 2 
and 3 respectively in the experiment. 

The time covered by the experiment was divided into 
five periods of 28 days each. The animals were all tied in 
single stalls side by side. They were fed food the same in 
kind during each of the periods of the experiment. They 
were also given the same quantities of meal, but the pro- 
portions of the meal in the mixture were changed from time 
to time, as will be shown below. They were also given the 
same amount of corn ensilage per day and in addition all the 
hay they would consume. 

Food and Feeding, — During the first period they were 
fed 8 pounds each daily of bran, barley and com, in the pro- 
portions of 2, 1 and 1 parts respectively , by weight. During 
the second period the meal was the same in kind, but 9 
pounds were fed daily. During the third period they were 
given 10 pounds daily of bran, barley, com and oil cake, in 
the proportions of 1, 1, 1, and 1 parts. During the fourth 
period they were given daily 9 pounds of bran, barley and 
com, in the proportions of 1, 2 and 2 parts and in addition 
2 pounds of oil cake. And during the fifth period they were 
fed daily 9 pounds of bran, barley and corn in the proportion 
of 1, 1 and 3 parts, and were given in addition 3 pound of 
oil cake. The barley and com were ground. The oil cake 
fed in the nutted form. They were given 20 pounds of com 
ensilage daily, and as before stated, all the hay that they 
would eat up clean. 

The meal and ensilage were given twice a day, viz., 
morning and evening, the meal being thrown into the feed 
box on the ensilage and then stirred a little. The hay was 
given three times a day. The steers were curried enough to 
keep them presentable. They were given exercise about 
twice a w^ek for an hour or so on fine days. They w^erc 
watered with pails twice a day, that is to say, about the 
middle of the forenoon and afternoon of each day, and they 
had access to salt at will. They were prepared for the ex- 
periment by feeding them properly with a view to the same 
for a short time before the experiment began. 

Estimated Value of the Food, — The food was estimated 
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at what may be termed market values in the state. These 
were as follows: 

Bran per ton $ 7.50 

Barley per bushel 18 

Corn per bushel 22 

Oil cake per ton 22.00 

Hay per ton 4.00 

Ensilage per ton 1.25 

The hay was mixed clover and timothy, the timothy 
predominating. As oats were relatively dear, it was de- 
termined not to use them in the experiment. But better re- 
sults would probably have been reached had oats been used 
to some extent, especially during the first weeks of the ex- 
periment. In the effort to secure relative cheapness, too 
much was sacrificed in the protein content of the same, and 
this doubtless influenced the gains adversely. 

Food Consumed. — Table LXX gives the total amount of 
hay, ensilage and grain consumed by each steer during the 
experiment, the sum of the amounts consumed by the steers 
in each lot and the averages of the same, and also the grand 
totals relating to the consumption of food. 

TABLE LXX.— Food Oonsumed by tbe Steers. 





POOD CON8UMBD BY STBBRS. 




Hay 
lbs. 


Bnsilage 
lbs. 


Grain 
lbs. 


Total 
lbs. 


Lot I.— 1 

2 

Total 

Ave. 


1180 
1189 
2349 

11H4.5. 


2718 
2718 
5436 

27i8 


1396 
1396 
2792 
1396 


6294 
6303 
10697 
6298.6 


Lot 2— 1 

2 

Total 
Ave. 


1212 
1313 
2525 
1*62.5 


26ul 
2718 
5319 
26 .9.5 


1396 
1396 
2 792 
1396 


6209 

5427 

10636 

5318 


Lot 3.— 1 

2 

Total 

Atc. 


1101 
1195 
2296 
114S 


2715 
27 18 
6433 
2716.4 


1390 
1396 
2792 
1396 


6212 
6309 
10621 
5260.6 


Lots 1 , 2 and 3. — 

Grand Total 
Grand Average 


7190 
1198.3 


16188 
2698 


8376 
1396 


31754 
5292.3 
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The average consumption of food by each steer was not 
far different, the steers in lots 1 and 3 consuming practically 
the same amounts. The difference in the average consump- 
tion of food between the steers in lots 3 and 2, the lowest 
and highest consumers of the same, was only 26 pounds. 
As the meal fed to each was always the same in quantity as 
well as in kind, this small difference in the consumption of 
fodder is in a sense surprising. 

Table LXXI, gives the total daily consumption of hay, 
ensilage and grain consumed by each steer throughout the 
experiment, the sum of these food factors, and the average 
of the same for each lot and also the grand totals. 

TABLE LXZI.— Daily Consumption of Food by the Steers. 





DAILY CONSUMPTION OP 


h 




Hay 
lbs. 


Ensilage 
lbs. 


Grain 
lbs. 


Total 
lbs. 


Lot 1.— 1 


8.4 


19.4 


10 


37.8 


2 


8.5 


19.4 


10 


37.9 


Total 


16.9 


38.8 


20 


75.7 


Ave. 


8.45 


19.4 


10 


37.86 


Lot 2.— 1 


8.7 


18.6 


10 


37.3 


2 


9.4 


19.4 


10 


38.8 


Total 


18.1 


38.0 


20 


76.1 


Ave. 


9.05 


19.0 


10 


38.05 


Lot 3.— 1 


7.9 


19.4 


10 


37.3 


2 


8.5 


19.4 


10 


37.9 


Total 


16.4 


38.8 


20 


75.2 


Ave. 


8.2 


19.4 


10 


37.6 


Lots 1, 2 and 3.— 










Grand Total 


51.4 


115.6 


60 


227.0 


Grand Average 


8.6 


19.2 


10 


37.8 



The same utiiformity, of course, exists between the daily 
consumption of food that was noticed and in the total con- 
sumption of the same by the steers in each lot. As is shown 
in Table LXXII below, there was much uniformity also in the 
increase made. Thee was only a diflFerence of 3 pounds in 
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the sum of the gains made by the steers in lots 1 and 2 which 
was in favor of the former, and of 27 pounds between lots 1 
and 3 which was in favor of the latter. 

Weights of the Animals, — Table LXXII, gives 1, the 
weights of the individual animals at the commencement of the 
experiment and at its close; 2, the total increase made by- 
each; 3, the average daily increase; and 4, the grand totals 
of averages of the same. 

TABLE LXZIL— Weights and Increase. 







Weights 
Whbn Kxpbktmbnt 


INCRBASB 




Began Nov. 1 
lbs. 


Cl'sed Mar.21 
lbs. 


Total 
lbs. 


Daily 
lbs. 


Ix)tl.- 


1 


1156 


1381 


226 


1.61 




2 


1121 


1350 


229 


1.62 




Total 


2277 


2731 


464 


8.23 




Ave. 


1138.5 


1365.5 


227 


1.616 


Lot 2.- 


1 


1069 


1293 


234 


1.67 




2 


1105 


1322 


217 


1.65 




Total 


2164 


2616 


451 


3.22 




Ave. 


1082 


1307.6 


226.5 


1.61 


Lot 3.- 


- 1 


1083 


1328 


246 


1.75 




2 


1148 


1384 


236 


1.69 




Total 


2231 


2712 


481 


3.44 




Ave. 


1115.6 


1356 


240.5 


1.72 


Lotsl 


, 2 and 3.— 












Grand Total 


6672 


8058 


1386 


9.89 




Grand Average 


1112 


1343 


231 


1.65 



The increase made was not really large, and yet it was 
fair considering the small amount relatively of meal fed. It 
only averaged 10 pounds per day. Had 2 or 3 pomids ad- 
ditional been fed daily, the results would probably have been 
more satisfactory in the line of average daily increase. 

The gains were not very evenly made. The steers in lot 
1 made an average gain in the firse period of 61.0 pounds* 
In the second period they dropped down to 39.5 pounds* 
The steers in lot 2 made an average gain of 72 pounds the 
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first period and dropped to 30 pounds in the fourth; the 
steers in the third lot made the most uniform gains. All the 
reasons for this fitfulness of the gains are not clearly ap- 
parent, but it may have been aflfected to some extent by the 
variations in 'weights which occur when weighing animals. 
The steers in lot 3 together, made 27 pounds more of in- 
crease than those in lot 1; and 30 pounds more than those 
in lot 2. This may in part be accounted for by the less 
flesh relatively carried by the former when put under ex- 
periment. 

Cost of Food Consumed.— Table LXXIII gives the cost 
of food consumed by the individual animals in each lot, and 
the averages of the same; and also the grand averages for 
the steers in all the lots. 

TABLE' LXXIII.— Cost Of Food Gonsnmed. 







COST OP 




Hay 


Bnsilagie 


Grain 


Total 


I^ot 1.- 


- 1 


$2.36 


$1.70 


$ 6.84 


$10.90 




2 


2.38 


1.70 


6.84 


10.92 




Total 


4.74 


3.40 


13.68 


21.82 




Ave. 


2.37 


1.70 


6.84 


10.91 


Lot 2.' 


— 1 


2.42 


1.63 


6.84 


10.89 




2 


2.63 


1.70 


6.84 


11.17 




Total 


6.06 


3.33 


13.68 


22.06 




Ave. 


2.63 


1.66 


6.84 


11.03 


Lot 3.- 


— 1 


2.20 


1.70 


6.84 


10.74 




2 


2.39 


1.70 


6.84 


10.93 




Total 


4.69 


3.40 


13.68 


21.67 




Ave. 


2.29 


1.70 


6.84 


1083 


Lotsl 


, 2 and 3.— 












Grand Total 


14.38 


10.13 


41.04 


66.56 




Grand Average 


2.40 


1.69 


6.84 


10.93 



The* cost of food was indeed low on the whole. This 
was owing first, to the comparatively low price of the food 
fed, and second, to the large proportion relatively of fodder 
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fed. There was of course a uniformity in cost in keeping 
with the uniformity shown in the consumption of food. 

Daily Cost of Food Consumed. — The daily cost of food 
consumed by each steer, the average daily cost of the same 
in each lot, and in all the lots taken together, is given below : 

Lot 1. 1 7.79 cents. 

2 7.80 



Average. 

Lot 2. 1 

2....... 



Average. 

Lot 3. 1 

2 



7.79 

7.78 
7.98 

7.88 

7.62 

7.81 



Average 7.71 

Lots 1, 2 and 3. Grand Average 7.79 

The steers in lot 3 were fed a little more cheaply than 
the others, in keeping with this somewhat lower consump- 
tion of food by them. 

The cost of making 100 pounds of increase with the 
steers in the diflferent lots is given below, also the average 
of the same in each, and the grand average of the steers in 
all the lots: 

Lot 1. 1 $4.84 

2 4.77 



Lot 



Average. 

2. 1 

2 



Average. 

Lot 3. 1 

2 



.$4.80 
$4.66 
. 5.15 

.$4.90 
$4.39 
. 4.63 



Average $4.49 

Lots 1, 2 and 3. Grand Average $4.72 

The cost of making 100 pounds of increase was in each 
instance a little more than the valuation put upon the ani- 
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mals per 100 pounds when sold. With the steers in lot 1, it 
was higher by 5 cents; with those in lot 2, by 12 cents, and 
with those in lot 3, by 76 cents. The actual cost of increase 
was lowest with the steers in lot 3, and with both animals 
in the lot. 

Pro£t Made.-Table LXXIV gives, (1) the individual value 
of the steers when the experiment began and closed; (2) the 
cost of food, and (3) the net profit made; also the totals and 
averages lor these with the steers in the respective lots, and 
the grand averages of the same for the steers in all the lots. 

TABLE LXXIV.— Values and Profit Made During the Experiment. 





Value 

when Bxp. 

began 


Cost of 
Food 


Total 
Cost 


Value 

when Bxp. 

Closed 


Profit 


Lot 1 .— 1 

2 

Total 

Ave. 


$46.24 
44.84 
91.08 
46. .')4 * 


$10.90 
10.92 
21.82 
10.91 


$57.14 
55.76 

112.90 
56.45 


$65.60 
64.12 

129.72 
64.86 


$ 8.46 

8.36 

16.82 

8.41 


iot 2.— 1 

2 

Total 

Ave. 


38.65 
40.33 
78.98 
39.49 


10.89 
11.17 
22.06 
11.03 


49.54 

51.50 

101.04 

50.52 


54.96 

56.18 

111.13 

55.66 


5.41 

4.68 

10.09 

5.04 


JLot 3.— 1 

2 

Total 

Ave. 


35.74 

37.88 
73.62 
36.81 


10.74 
10.93 
21.67 
10.83 


46.48 
48.81 
95.29 
47.64 


49.80 

51.90 

101.70 

50.85 


3.32 
3.09 
6.41 
3.21 


Grand Total 
Grand Average 


243.68 
40.61 


65.55 
10.93 


309.23 
51.54 


342.55 
57.09 


33.32 
5.55 



When the steers were put upon experiment, those of each 
lot were "valued according to quality on the basis of the 
market values at South St. Paul, by persons who under- 
stood the same, and at the close of the experiment they were 
valued similarly, this valuation when the experiment began 
put the steers in lot 1 at $4.00 per 100 pounds; those in lot 
2 at $3.65; and those in lot 3 at $3.30. When the experi- 
ment closed it put the steers in lot 1 at $4.75 per 100 pounds; 
those in lot 2 at $4.25; and those in lot 3 at $3.75. It 
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would doubtless have been more satisfactory to the public, 
had the steers been actually sold on the market on their 
merits, but it was decided that they should be disposed of 
as indicated below, under the proper heading. 

The total profit from feeding the six steers, viz., $33.32 
was not large. This arose to some extent from the rather 
small gains made by the steers, but to a greater extent from 
the relatively small difference per 100 pounds between the 
values when the experiment closed as compared with the 
same when it began. The difference in these values with the 
steers in lot 1 was 75 cents per 100 pounds; with those in 
lot 2, 60 cents; and with those in lot 3, 45 cents. The aver- 
age difference was 60 cents. 

Though the profit made on the steers in lot 1 was $5.20 
more than from the steers in lot 3, this was owing entirely 
to greater relative increase in value which the finishing 
brought to the steers in lot 1. The steers in lot 3 were 
slightly ahead in increase in w^eight, and they had also the 
lead in lowness in cost of production. This fact emphasizes 
the great importance of correct from in animals to be fed for 
the block. 

Disposal of the Steers. — Some of the steers were slaugh- 
tered for use in the dining hall of the School of Agriculture. 
They were slaughtered at different times as needed, but that 
of course does not affect the findings of the experiment. 
Those not so slaughtered were sold at the New Brighton 
stock yards 

FINANCIAL STATEMENT. 

Value of the 6 steers in the experiment at its close 

March 21, 1898, on the basis of market values $342.56 

Value of the same on Nov. 15, 1897, when the experi- 
ment began on the same basis $243.6,8 

Cost of food 65.55 

Total 309.23 

Total net profit 33.32 

Net profit on one steer 5.55 

Observations. — The food was charged as previously 
stated at market values, which are in nearly all instances in 
advance of the cost of making the same. A greater profit, 
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therefore, would have been made on the steers had the food 
been charged at the cost of production. 

2. The value of the manure is supposed to oflFset the 
cost of bedding and labor, and also the interest of the money- 
involved. 

IMPORTANT FACT SUMMARIZED. 

VALUES. 

1. Average value per 100 pounds when the experiment 
be^an, on the basis of market values $3.66 

2. Average value per 100 pounds when the experiment 
closed, on the same basis 4.25 

3. Average advance in value per 100 pounds .60 

WEIGHTS. Lbs. 

1. Average weight of the steers in lot 1 when the experi- 
ment began, Nov. 1, 1897 1138.5 

2. Average weight of the steers in lot 2 1082.0 

3. Average weight of the steers in lot 3 1115.5 

INCREASE IN WEIGHT. 

1. Average increase in weight of the steers in lot 1 dur- 
ing the 140 days of feeding 227.0 

2. Average increase in weight of the steers in lot 2 225.5 

3. Average increase in weight of the steers in lot 3 240.5 

DAILY INCREASE IN WEIGHT. 

1. Average daily increase in weight by the steers in lot 1 1.62 

2. Average daily increase in weight by the steers in lot 2 1.61 

3. Average daily increase in weight by the steers in lot 3 1.72 

FOOD CONSUMED. 

Average daily consumption of meal per animal by the lbs. 
steers in each lot 10.0 

1. Average daily consumption of food by the steers in 

lotl 37.85 

2. Average daily consumption of food by the steers in 

lot 2 38.05 

3. Average daily consumption of food by the steers in 

lot 3 37.6 

COST OF FOOD. Cts. 

1. Average cost of food per day, per animal, for the 
steers in lot 1 7.79 

2. Average cost of food per day for the steers in lot 2... 7.88 

3. Average cost of food per day for the steers in lot 3.... 7.71 

COST OF INCREASE. 

1. Average cost of making 100 pounds of Increase with 

the steers in lot 1 84.80 
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2. Average cost of makinj;? 100 pounds of increase with 

the steers in lot 2 4.90 

3. Average cost of making 100 pounds of increase with 

the steers in lot 3 4.51 

INCREASE IN VALUE. 

1. Average value of each steer in all the lots when the 
experiment began Nov. 1, 1897 40.61 

2. Average value of each steer in all the lots when the 
experiment closed March 21, 1898 57.09 

3. Average advance in value of each steer in all the 

lots from 140 days of feeding 16.48 

PROFITS. 

1. Average profit from feeding the steers in lot 1 for 

140 days 8.41 

2. Average profit from feeding the steers in lot 2 5.04 

3. Average net profit from feeding the sieers in lot 3 3.21 

4. Aggregate net profit from feeding the steers in all the 

lots 33.32 

5. Average net profit from feeding the steers in all the 

lots 5.56 

CONCLUSIONS. 

The following are prominent among the conclusions that 
may be legitimately drawn from this experiment: 

1. That in this experiment the steers of the approved 
meat producing types did not show any superior capacity 
to make increase over those possessed of more or less unde- 
sirable form, though similarly bred. 

2. That, notwithstanding, there is more profit in finish- 
ing steers of the approved types, owing to the greater value 
relatively of the finished product. 

3. That it is extremely probable there is also less profit 
in growing animals of undesirable types up to the fattening 
period, because of their smaller value relatively when thus 
far grown. 

4. That the greater value of finished steers of the ap- 
proved type as compared with those opposite in character 
and possessed of essentially similar blood, is owing to the 
superior value of the meat in the carcass, rather than to 
greater power to make increase. 

Note — Owing to the small number of animals fed on this exi>eriment, too 
much should not be made of its findings until the question has been made the sub- 
ject of further experiment. 
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Section No. 2. 
FEEDING STEERS FOR SHORT AND LONG PERIODS. 



Thomas Shaw. 

The question has long been undecided as to whether it 
will pay better to put steers on forced feed and thus hurry 
them along in the fattening process, or to feed them more 
moderately and for a longer period. The leading argument 
usually brought forward in favor of feeding cattle for a 
short period is, that there is a saving in the food of main- 
tenance, which is undoubtedly true. The leading argument 
against such feeding is that cattle cannot properly assimi- 
late food beyond a certain quantity, and that quantity is far 
sbort of what the animals will consume, hence, in such feed- 
ing there is a certain proportion of the food wasted. This 
argument has been met with the answer that when com is 
used as the chief fattening food, and when pigs run with the 
cattle, the undigested food found in the droppings of the 
cattle is consumed by the pigs. A further objection to the 
short period of feeding is, the impossibility of bringing cattle 
to a sufficiently high finish within a short period of feeding. 
It was hoped that this experiment would throw much light 
upon the subject, but for reasons given in the proper place, 
the value of its findings have been considerably lessened by 
certain untoward occurrences connected with the feeding, 
which could not well be avoided. 

Time Covered by the Experiment, — In the experiment 
were two lots of steers. Both lots were put upon experi- 
ment Nov. 28, 1898. The experiment with the steers fed for 
a shorter term closed Feb. 28th, 1898, and with those fed 
for a longer period on April 17, following. The shorter 
period of feeding, therefore, covered 84 days, and the longer 
period 140 days. 

Objects of the Experiment. — The more important of the 
objects of the experiment sought to ascertain: 1, the relative 
profit from feeding steers for a short period on a forcing 
ration, or for a longer period on a moderate ration; and 2, 
the general comparative results from feeding animals thus. 
The secondary objects sought information: 1, as to the rela- 
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tive consumption of food; and 2, as to the relative daily 
gains that would result therefrom. 

The Animals Used. — The animals chosen for the experi- 
ment consisted of 10 steers, which were purchased near Lake 
City by Mr. A. Boss, the farm foreman. They were Short- 
horn grades of a fairly good type. They were by a pure bred 
sire, and out of cows more or less mixed in their blood lines. 
They were two years old the previous spring, hence, they 
w^ere turned oflF when approximately three years old, the fol- 
lowing season. They reached the station Nov. 7, and were 
put upon a proper ration until the experiment began. They 
were divided as evenly as possible with reference to quality, 
but the steers fed for the longer period had, on the whole, a 
little advantage in weight. 

Conditions Governing the Experiment. — The ten steers 
used in the experiment consisted of two lots, with five in 
each. The steers designated as lot 1, were to be fed for 84 
days or 12 weeks, and upon what may be termed a forcing 
ration. This term of feeding was to be divided into 6 periods 
of 2 weeks each. The food was to be the same in kind, but 
not always the same in the proportions of the grain fed, and 
it was to be increased in quantity with the commencement 
of each successive period. The steers in this lot were then to 
be valued and also the steers in the other lot, that a com- 
parison might be made between the results from the two 
lots at that time, that is to say, when the experiment closed 
with the steers in lot 1. The steers in the other lot, desig- 
nated as lot 2, were to be fed for 140 days or 28 weeks, and 
they were to be fed upon a moderate grain ration. This 
term of feeding was to be divided into five periods of 28 days 
or four weeks each. The steers in lot 2 were to be fed the 
same kinds of food as those in lot 1, but in this instance, as 
in the other, it was to be varied in the proportions of the 
meal fed, and also in the quantities of the same during each 
successive period. They were then to be valued or sold at 
the end of the experiment, and the net results, viewed from 
the standpoint of profit, compared with those obtained from 
the steers fed for the short period. 

As the steers in lot 2 were fed grain in the ground form, 
and in quantities considerably less than the quantities of com 
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usually fed by forced feeders, swine were not made to follow 
the animals. Nor were there facilities for this work, as the 
steers in both lots were tied in stalls and under conditions 
which made it impossible to havje pigs glean in the droppings. 

Food and Feeding, — The meal portion of the ration for 
both lots was composed of bran, com and oil cake through- 
out the experiment. These foodSy except the oil cake, were 
chosen first, on the ground of relative cheapness. The oil 
cake was used in part at least, to give tone to the digestion. 

As previously intimated, the steers in lot 1 were fed for 
6 periods of 14 days each. In the first period they were fed 
bran, ground com and oil cake in the nutted form, in the 
proportions of 4, 5 and 1 parts respectively ,'^by weight, and 
at the rate of 10 pounds each per day. In the second, the 
proportions were 3, 6 and 1 parts, and 12 pounds each were 
fed per day. In the third, the proportions were 2, 6 and 2 
parts, and 14 pounds each were fed per day. In the fourth, 
the proportions were 1, 7 and 2 parts, and^l6 pounds each 
were fed per day. In the fifth and sixth periods, the pro- 
portions were the same as in the fourth period, but in the 
former of these, they were to get 18 pounds per animal per 
day, and in the latter 20 pounds. 

As also previously intimated, the steers in lot 2 were to 
be fed for 5 periods of 28 days each. In the first of these, 
they were to be fed bran, ground corn and oil cake, in the 
proportions of 6, 3 pnd 1 parts, respectively, and at the rate 
of 8 pounds each per day. In the second, the proportions 
were 5, 4 and 1 parts, and the amount fed was 9 pounds 
each per day. In the second, the proportions were 5, 4 and 
1 parts, and the amount fed was 9 pounds each per day. In 
the third the proportions were 4, 4V^ and 1% parts, and the 
amount fed was 10 pounds each per day. In the fourth, the 
proportions were 3, 5 and 2 parts, and 11 pounds were fed 
per day. And in the fifth, the proportions were 1, 7 and 2 
parts, and 12 pounds each w^ere fed per day. 

Both lots were to be fed 20 pounds per animal of corn 
ensilage per day, and as much hay as they would eat up 
clean. But, for reasons to be given below, the ensilage was 
discontinued after Jan. 9th, that is to say, 42 days after the 
experiment began . The hay consisted of tim othy and clover. 



240 FATTENING STEERS. 

and was only of medium quality. As long as ensilage was 
fed, the meal was given morning and evening with the en- 
silage, and the hay was given in three feeds. Water was 
given twice a day in pails, that is to say, in the middle of 
the forenoon and afternoon respectively, and the steers had 
access to salt at will. They were exercised two or three 
times a week for a short time in a yard, but only when the 
weather was fine. 

Behavior of the Steers on Feed. — Previous to the ex- 
periment the steers in both lots had been led up by judicious 
feeding to the grain rations intended for them. From the 
first several of the animals in both lots did not take kindly 
to the com ensilage. This may have been to some extent 
owing to individual tastes in the animals, but more doubt- 
less to the indifierent characterjof the ensilage. It was some- 
what acid and seemed to produce scouring more or less, 
hence, its discontinuance at the date named, after which 
the evidences of such looseness in the bowels disappeared. 

Moreover, the steers in lot 1 did not seem to be able to 
utilize all the meal given them. In that lot, steer No. 6 did 
not take all his grain allowance the week commencing Dec. 
26. The same was true of steers 1 and 2 the week com- 
mencing Jan, 2. When January 30 was reached, it was 
found necessary to reduce the meal for all the steers in lot 1, 
that led to No. 5 being reduced by one-half. During the last 
week none of the steers in this lot could consume the full al- 
lowance. The lull allowance was 700 pounds for the week, 
and they only took 574 pounds. On the other hand the 
steers in lot 2 took the regular allowance of grain without 
getting off their food, but as they suffered somewhat from 
scouring while the ensilage was being fed to them, this of 
course hindered the gains that would otherwise have been 
made. There was also another disturbing factor whicli 
doubtless influenced adversely the increase made. When the 
steers were put upon experiment, the feeder of the station, 
Mr. Geo. Craig, was absent, and on his return he was ill 
for many weeks. It was not until well on towards the close 
of the experiment with the steers in lot 1, that he was able 
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to take charge of the experiment. The feeding was of neces- 
sity handed over to students who had no previous experi- 
ence in such work, and who were pressed with studies. Al- 
though they did the best they could under the circumstances, 
they were unable to give the animals that close attention 
which is necessary in conducting such work. 

Estimated Value of the Food. — The food was estimated 
at what was considered average market values in the state. 
These were as follows: 

Corn, per bushel $ .22 

Bran, per ton 9.00 

Oilcake 22.00 

Hay 4.50 

Ensilage 1.25 

Five cents per 100 pounds was allowed for grinding the 
com. 

Food Consumed. — Table LXXV gives the total amount of 
meal, hay and ensilage, and the sum of those consumed by 
each steer during the experiment; also the total consumption 
of each kind of food by the animals in each lot and the aver- 
age of the same. 

TABLE LXXV.— Food Consumed by the Steers. 













FOOD 


CONSUMED. 








No. 
of 














Lot 


Nov. 28- 


-Feb. 20 


Feb. 20.— April 17. 






Steer 












Grand Total 
























Grain 
lbs. 

1238 


Hay 

lbs. 

861 


Ensil. 
lbs. 

723 


Total 

lbs 

2822 


Grain 

lbs. 


Hay 
lbs. 


Total 
lbs. 


lbs. 




1 








2822 




2 


1176 


860 


715 


2751 








2751 


1 


3 


1230 


861 


719 


2810 








2810 




4 


1235 


862 


723 


2820 








2820 




5 

Total 

Ave. 


1119 


861 


736 


2716 








2716 




5998 


4305 


3616 


13919 








13919 




1200 


861 


723 


2784 








2784 




1 


756 


948 


731 


2435 


640 


912 


1552 


3987 




2 


7ii6 


902 


731 


2359 


644 


845 


1489 


3848 


2 


3 


756 


926 


725 


2407 


644 


843 


1487 


3894 




4 


766 


925 


605 


2286 


644 


791 


1435 


3721 




5 

Total 

Ave. 


756 


987 


731 


2474 
11961 


644 


1004 


1648 


4122 




3750 


4688 


3523 


3216 


4395 


7611 


19572 




750 


938 


705 


2392 


643 


879 


1522 


3914 
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It will be noticed that the forced feeding did not avail to 
secure corresponding gains. The steers in lot 1, consumed 
on an average from the beginning of the experiment Nov. 
28, 1898, until Feb. 20, 1899, when it closed with them, 2784 
pounds, of which 1200 pounds were meal. The steers in lot 
2 consumed on an average during the same period, 2392 
pounds of which 750 were meal. The steers in lot 1, there- 
fore, consumed 450 pounds more meal than those in lot 2. 
By reference to Ta^ble LXXVII, it will be noticed that the 
average increase made by the steers in lot 1 was only 107 
pounds, while those in lot 2 gained 118 pounds during the 
same period, or 11 pounds in favor of the latter. 

Table LXX VI, gives the quantity of each food consumed 
daily by each individual steer in both lots; the total daily 
consumption by each; also the daily consumption by the 
steers in each of the two lots. 

TABLE LXXVI.— Daily Comninption of Food by the Stooni. 











FOOD CONSUMED DAILY. 






No. 

of 

Steer 














Lot 


Nov. 28- 


-Feb. 20. 


Feb. 


20— April 17. 


Whole Bx. 






















Grain 
lbs. 


Hay 
lbs. 


Bnidl. 
lbs. 


Total 
lbs. 


Grain 
lbs. 


Hay 
IbR. 


Total 
lbs. 


lbs. 




1 


14.6 


10.3 


8.6 


S3.6 








33.5 




2 


14.0 


10.3 


8.6 


32.8 








32.8 


1 


3 


14.6 


10.3 


8.6 


33.5 








33.5 




4 


14.6 


10.8 


86 


33.6 








38.5 




5 

Total 
Ave. 


18.3 


10.3 


8.8 


32.4 








32.4 




71.1 


51.6 


43.1 


165.7 








165.7 




14.2 


10.3 


8.6 


33.1 








33.1 




1 


9.0 


11.3 


8.7 


29.0 


11.4 


16.3 


27.7 


28.5 




2 


8.6 


10.7 


8.7 


28.0 


11.5 


15.1 


26.6 


27.5 


2 


3 


9.0 


11.0 


8.6 


28.6 


11.5 


15.1 


26.6 


27.8 




4 


9.0 


11.0 


7.2 


27.2 


11.5 


14.1 


25.6 


26.6 




6 

Total 

Are. 


9.0 


11.7 


8.7 


29.4 


11.5 


17.9 


29.4 


29.4 




44.6 


56.7 


41.9 


142.2 


57.4 


78.5 


135.9 


139.8 




8.9 


11.1 


8.4 


28.4 


11.5 


15.7 


27.2 


28.0 



The average daily consumption of food by the steers in 
lot 1 to the close of the experiment was 4.7 pounds more 
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than that of the steers in lot 2, and the average daily con- 
sumption of meal the costly element of the food, was 5.3 
pounds more, and yet as previously stated, the increase was 
in favor of the steers in lot 2. 

Weights of the Amma/s.— Table LXXVII, gives the 
weights of the individual animals in both lots at the com- 
mencement of the experiment and at its close, and also the 
total individual increase made during the same. 

TABLB LXXVII.— WelgbtB and Increase. 





No. 

of 

Steer 


WEIGHTS 


INCRBASB 


DAILY 


I.ot 


Bx. 

Bengali 

Not. 

28. 

lbs. 


Feb. 
20. 

lbs. 


April 
17. 

lbs. 


Nov. 

28, to 

Feb. 

20. 

lbs. 


Feb. 
20 to 
AprU 

17. 

lbs. 


Total 
lbs. 


Nov. 28, 

to 
Feb. 20. 

lbs. 


Whole 
Bxperim't 

lbs. 


1 


1 

2 

3 

4 

6 

Total 

Ave. 


1106 
1140 
1167 
1186 
1166 


1247 
1230 
1260 
1310 
1260 




142 
90 
93 

124 
86 




142 
90 
93 

124 
86 


1.7 
1.1 
1.1 
1.6 
1.0 


1.7 
1.1 
1.1 
1.6 
1.0 




6763 


6297 




634 




634 


6.4 


6.4 




1163 


1269 




107 




107 


1.3 


1.3 


2 


1 

2 

3 

4 

6 

Total 

Ave. 


1220 
1233 
1266 
1115 
1226 


1386 
1333 
1396 
1206 
1330 


1468 
1447 
1482 
1296 
1383 


166 
100 
129 
90 
106 


83 
114 
87 
90 
53 


248 
214 
216 
180 
168 


2.0 
1.2 
1.6 
1.1 
1.3 


1.7 
1.6 
1.6 
1.3 
1.1 




6059 


6648 


7076 


689 


427 


1016 


7.1 


7.1 




1212 


1330 


1416 


118 


86 


203 


1.4 


1.4 



It has already been noticed that the average individual 
increase up to the closing of the experiment with the steers 
in lot 1 was in favor of the steers in lot 2. The low increase 
made by the former, linked with the fact that they were off 
feed more or less during the experiment, would certainly 
tend to show that a forcing meal ration is not good for the 
steers when confined. It will also be noticed that it was not 
during the first weeks of the experiment that such derange- 
ment occurred, hence it was not owing to any mistake in 
leading up to fall feeding that led to such a result. It may 
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be that if the steers had been fed in a yard where they could 
have taken more exercise, that the trouble which came would 
have been much less pronounced, or entirely absent, as steers 
thus at liberty are frequently fed a larger amount of grain. 
The gains made by the steers in both lots were low, and at 
least some of the reasons for the same have been given, when 
speaking of the behavior of the steers on feed. The increase 
made by the individual steers in both lots is noticeably 
variable. For instance, No. 1 in lot 1 gained 1.7 pounds 
daily and No. 5 in the same lot, 1 pound. In lot 2, No. 1 
gained 2 pounds per day, on an average, and No. 4 only 
gained 1.1 pounds. 

Cost of Food, — Table LXXVIII gives the cost of each food 
factor fed to the individual animals in both lots throughout 
the experiment, the sum of these, and also the average of the 
same by lots. 

TABLE LXXVIII.— Goit of Food Coninmed. 





No. 
of 


COST OF FOOD CONSUMED. 


Lot 


Nov. 28- 


-Feb. 20. 


Feb. 


20— April 17. 






steer 


Grain 


Hay 


Bnsil. 


Total 


Grain 


Hay 


Total 


Grand Total 




1 


$6.93 


$1.94 


$ .64 


$9.41 








$ 9.41 




2 


6.57 


1.93 


.54 


9.04 








9.04 


1 


3 


6.88 


1.94 


.64 


9.36 








9.36 




4 


6.91 


1.94 


.64 


9.39 








9.39 




5 

Total 

Ave. 


6.37 


1.94 


.55 


8.86 








8.86 




33.66 


9.69 


2.71 


46.06 








46.06 




6.73 


1.94 


.54 


9.21 








9.21 




1 


3.96 


2.13 


.55 


6.64 


3.69 


2.06 


5.75 


12.39 




2 


3.79 


2.03 


.55 


6.37 


3.77 


1.90 


5.67 


12.04 


2 


3 


3.96 


2.09 


.54 


6 59 


3 71 


1.89 


5.60 


12.19 




4. 


3.96 


2.08 


.45 


6.49 


3.70 


1.78 


6.48 


11.97 




5 

Total 
Ave. 


3. 96 


2.22 


.55 

2.64 

.53 


6.73 


3.71 


2.26 


5.97 


12.70 




19 60 


10.55 


32.82 


18.58 


8.89 


28.47 


61.29 




3.93 


2.11 


6.57 


3.92 


1.77 


5.69 


12.26 



The difference in the average total cost ol the food fed to 
each steer in lot 1 was $2.64 in excess of the same fed to each 
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steer in lot 2, during the corresponding period. Notwith- 
standing the increase in weight made by the latter was 
greater than the same made by the former. The diflFerence 
in the cost of meal fed to the steers in lot 1 was greater by 
$2.80 per animal. 

Table LXXIX, gives the average daily cost of food for 
the individual steers in both lots and also by lots: 

TABLE LXXIX.— Daily Cost of Food Consiimed. 





No. 


DAILY COST OF FOOD. 


Lot 


of 
Steer 




Nov. 20-Feb. 20 


Feb. 20-Apr. 17 


Whole Experim't 




1 


11.2cts 




11.2cts 




2 


10.8 




10.8 




3 


11.2 




11.2 


1 


4, 


11.2 




11.2 




5 
Total 
Ave. 


10.6 




10.6 




55.0 


66.0 




11.0 


11.0 




1 


7.9 


10.0 cts 


8.8 




2 


7.6 


10.1 


8.6 




3 


7.8 


10.0 


8.7 


2 


4 


7.7 


10.0 


8.6 




5 
Total 
Atc. 


8.0 


10.6 


9.0 




39.0 


55.0 


43.6 




7.8 


10.2 8.7 



While the average cost per day for feeding the steers in 
lot 1 was 11 cents, that for feeding the steers in lot 2 for the 
corresponding period was 7.8 cents or 2.2 cents less. This 
daily cost for food rose to 8.7 cents per animal by the close 
of the feeding period. 

Cost of Increase, — Table LXXX gives the cost of mak- 
ing 100 pounds of increase by the individual animals in both 
lots, also the average cost of the same by lots. 
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TABLE LXXX.--Cott of Making 100 Ponndi Inerease. 


• 




No. 


COST OP INCREASE PER 100 POUNDS. 


T f^*- 


of 
Steer 




l^n 


j\. 


Nov. 28 to 
Feb. 20 


^Apn 17^ Whole Expcrim't 






1 


$ 6.63 




$ 6.63 






2 


10.04 




10.04 


\ 




3 


10.07 




10.07 


. X- 


4 


7.58 


■ 


7.58 






5 
Ave. 


10.42 




10.42 




8.96 


8.95 






1 


4.02 


$ 6.04 


5.00 






2 


6.37 


4.98 


5.63 


4 


^ 


3 


5.11 


6.44 


' 6.45 


m 


4 


7.21 


6.09 


6.66 






6 
Ave. 


6.41 


11.30 


8.04 





5.82 


7.15 


6.19 



The diflference in the average cost of making 100 pounds 
of increase by the steers in both lots, up to Feb. 20, when the 
experiment closed with the steers in lot 1, is $3.13 in favor 
of the steers in lot 2. The cost of increase with both lots 
was considerably more than the said increase was worth. 
This was largely owing to the very indifferent gains made. 
With only one animal, viz. No. 1 in lot 2, was the increase in 
weight made during the experiment worth as much as the 
cost of making it. This steer made an increase in weight of 
248 pounds against 158 pounds made by No. 5 in the same 
lot, notwithstanding that the latter consumed 135 pounds 
more food. The cost of making 100 pounds of increase with 
the latter was $3.04 more than with the former. Such re- 
sults emphasize the great difference in digestive and assimi- 
lative power in individual animals. 

Pro£t Mac/e.— Table LXXXI gives the value of each indi- 
vidual steer when the experiment began and ended; 2, the 
cost of the food fed; 3, the total outlay for each individual 
steer; 4, the profit made on each; 5, the totals of cost, values 
and profit with the steers in both lots; and 6, the averages 
of the same. 
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TABLE LXXXI.— YalneB and Profit Made Bnring the Experiment. 









VALUES AND 


PROFITS. 










No. 

of 

Steer 


Value 

Nov 28 

Bxp't 

beg:an 


Nov. 28-Feb. 20 


WHOLB EXPERIMENT 


Lot 


Cost 

of 
Food 


Total 
Cost 


Value 
Feb.20 


Profit 


Cost 

of 
Food 


Total 
Cost 


Value 

-when 

Exp't 

Closed 


Total 
Profit 




1 


$44.00 


$9.41 


$68.61 


$67.99 


$4.38 


$9.41 


$53.61 


$57.99 


$4.38 




2 


45.60 


9.04 


64.64 


57.20 


2.56 


9.04 


54.64 


57.20 


2.56 


1 


3 


46.68 


9.36 


56.04 


58.59 


2.55 


9.36 


56.04 


58.59 


2.55 




4 


47.44 


9.39 


66.88 


60.91 


4.08 


9.39 


56.83 


60.91 


4.08 




5 

Total 

Ave. 


46.60 


8.86 


55.46 


58.12 


2.66 


8.86 


55.46 


58.12 


2.55 




230.62 


46.06 


276.58 


292.81 


16-23 


46.06 


276.58 


292.81 


16.23 




46.10 


9.21 


55.31 


58.56 


3.25 


9.21 


55.31 


58.56 


8.25 




1 


48.80 


6.64 


55.44 


60.94 


5.50 


12.39 


61.19 


73.40 


12.21 




2 


49.32 


6.37 


65.69 


58.65 


2.96 


12.04 


61.36 


72.35 


10.99 


2 


3 


50.64 


6.69 


57.23 


61.38 


4.15 


12.19 


62.83 


74.10 


11.27 




4 


44.60 


6.49 


51.09 


53.02 


1.93 


11.91 


56.57 


64.75 


8.18 




6 

Total 

Ave. 


49.00 


6.73 


55.73 


58.52 


2.79 


12.70 


61.70 


69.15 


7.4& 




242.36 


32 82 


275.18 


292.51 


17.33 


61.29 


303.65 


353.75 


50.10 




48.47 


6.57 


55.04 


58.5U 


3.46 


12.26 


60.73 


70.75 


10.02 



When the steers were put upon experiment they were 
valued at $4.00 per 100 pounds. On Feb. 20th when the 
experiment with the steers in No. 1 closed they were valued 
by a competent i)erson at $4.65 per 100 pounds, and those 
in lot 2 at the same date at $4.40 per 100 pounds. The 
steers in lot 2 at this valuation gave a greater net profit at 
that date than the steers in lot 1. 

The average profit on each steer fed for the longer term, 
that is for 140 days, was $10.02, and on each fed for the 
shorter period of 84 days $3.25, a difference of $6.77 in favor 
of the former. It is not probable, however, that this differ- 
ence would have been so much with the steers in lot 1, hajd 
more caution been used in guarding them from getting off* 
their food for periods more or less prolonged, by promptly 
reducing the meal ration when the first symptoms of such a 
condition manifested themselves. 

Disposal of the Stee«f.— Subsequent to the close of the 



248 FATTENING STEERS. 

experiment the steers in lot 2 were sold to Mr. Peter Van 
Hoven for the stock yards at New Brighton. The price paid 
was $5.00 per 100 pounds. 

FINANCIAL STATEMENT. 

Estimated value of the 5 steers in lot 1, on Feb. 20, 

1899, at $4.66 per 100 pounds $292.fcl 

Value of 5 steers in lot 2, on April 17th, 1899, at $5.00 

per 100 pounds 353.75 

Total value for 10 steers fed 646.56 

Estimated value of 10 steers when put upon experiment 

Nov. 28, 1898, at $4.00 per 100 pounds 472.88 

Cost of food 107.36 

Total outlay 580.23 

Total net profit 66.33 

Net profit on one steer 6.63 

Observations, — 1. Since the ifood fed was charged at the 
average market values in the state, these would represent 
more than cost of the same to the grower and would, there- 
fore, be so far unfavorable to the making of profits. 

2. The value of the manure it is believed will oflFset the 
cost of bedding and labor and also the interest on the money 
involved. 

3. The undesirability of changing feeders while fatten- 
ing cattle is emphasized in this experiment. 

IMPORTANT FACTS SUMMARIZED. 
VALUES. 

1. Estimated value per 100 pounds with the steers in 

both lots when the experiment began, Nov. 28, 1898. . $4.00 

2. Estimated value of the steers in lot 1, per 100 pounds 
when the experiment closed with them, Feb. 20, 1899. 4.65 

3. Value of the steers in lot 2, per 100 pounds when the 
experiment closed with them, April 17, 1899 5.00 

4. Average advance in value per 100 pounds with the 

steers in both lots .82i4 

WEIGHTS. Lbs. 

1. Average weight of the steers in lob 1 when the experi- 
ment began, Nov. 28, 1898 1153 

2. Average weight at the close of the experiment, Feb. 

20, 1899 1259 

3. Average weight of the steers in lot 2, when the exper- 

ment began, Nov, 28; 1393 1212 



SUMMARY OF FACTS. 249 

4. Average weight at the close of the experiment April 

17,1899 1330 

INCREASE IN WEIGHT. 

1. Average incroaee in weight per animal per day by 

the steers in lot 1 while being fattened for 84 days. . . 1.3 

2. Average increase in weight per animal per day by 

the steers in lot 2 while being fattened for 84 days. . . 1.4 

3. Average increase in weight per animal per day by 

the steers in lot 2 while being fattened for 140 days. . 1.4 

FOOD CONSUMED. 

1. Average daily consumption of meal by the steers in 

lot 1 while being fattened for 84 days 14.2 

2. Average daily consumption of m«al by the steers in 

lot 2 while being fattened for 84 days 8.9 

3. Average daily consumption of meal by the steers in 

lot 2 while being fattened for 140 days 10.0 

COST OF FOOD. Cte. 

1. Average cost of food per day for the steers in lot 1 

while being fattened for 84 days 11.0 

2. Average cost of food per day for the steers in lot 2 

while being fattened for 84 days 7.8 

3. Average cost of food per day for the steers in lot 2 

while belDg fattened for 140 days 8.7 

COST OF INCREASE. 

1. Average cost of making 100 pounds of increase by 

the steers in lot 1 while being fed for 84 days $8.96 

2. Average cost of making 100 pounds of increase by 

the steers in lot 2 while being fed for 84 days 5.82 

3. Average cost of making 100 pounds of increase by 

the steers in lot 2 while being fed for 140 days 6.19 

INCREASE IN VALUE. 

1. Average increase in value with the steers in lot 1 from 

84 days of feeding. .*. $12.46 

2. Average increase in value with the steers in lot 2 

from 84 days of feeding 10.03 

3. Average increase in value with the steers in lot 2 

from 140 days of feeding 22.28 

PROFITS. 

1. Aggregate net profits from feeding the 5 steers in lot 

1 for 84 days 16.23 

2. Aggregate net profits from feeding the steers in lot 2 

for 84 days 17 33 

3. Aggregate net profi^ts from feeding the 5 steers in lot 

2 for 140 days 50.10 

4. Average net profit from feeding one steer in lot 1 for 

84 days 3.26 

6. Average net profit from feeding one steer in lot 2 for 

140 days 10.02 
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CONCLUSIONS. 
The following arc prominent among the conclusions that 
may be drawn from the experiment: 

1. That corresponding increase in weight was not ob- 
tained from feeding steers on a forcing meal ration during a 
short period of feeding, and that because of this, such feed- 
ing resulted in more or less waste in the meal fed. 

2. That the average daily increase was greater with 
the steers in lot 2, during the 84 days of the feeding period 
than with the steers in lot 1, notwithstanding the much 
lighter meal portion given to the former. 

3. That the steers fed on a light meal portion and for 
140 days gave a greater profit by $6.75 per animal over 
those fed for 84 days on a forcing meal portion. 

4. That the steers fed on the forcing meal portion were 
much prone to get off their feed, while no trouble arose from 
this source with the steers fed on the light meal portion. 

5. That the general behavior of the steers in lot 2 fed 
on the light meal portion for 140 days was much more sat- 
isfactory throughout, than that of the steers in lot 1, ta 
which the forcing meal portion was fed for 84 days. 

Section No. 3. 

FEEDING STEERS IN THE STABLE AND THE OPEN 

SHED. 



Thomas Shaw. 

The important question as to whether steers can be fat- 
tened more rapidly and cheaply when confined in stables and 
tied up in stalls in the same, than when fed in sheds with 
constant liberty of access to a yard, has never been fully 
settled, although a limited amount of experimenting has 
been done in feeding animals thus. The opinion has com- 
monly been held that steers could be fattened more rapidly 
in the stalls than in open sheds in a winter climate of low 
temperatures. But many farmers in the Northwest have 
evidently held the view, that with foods relatively cheap as 
they have been in the Northwest and labor relatively dear, 
the most profitable returns would accrue from feeding in 
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Open sheds. The evidence witnessing this view is found in 
the extent to which such a system prevails in the area 
named. The experiment was undertaken therefore for the 
purpose of throwing light on this important question. And 
just here it may be proper to drop the caution, that the find- 
ings of the experiment will not be equally applicable to all 
climatic conditions, even where the mean temperatures may 
be similar or nearly so. It is more than probable that feed- 
ing in open sheds will be more profitable relatively in a 
bright winter climate, with cold more or less steady, as in 
our state, than feeding in open sheds in a climate in which 
changes in winter temperature are fi-equeutly accompanied 
by considerable precipitation in the form of rain or sleet. 

Time Covered by the Experiment: — The steere were put 
on full feed Nov. 6, 1899. The experiment closed March 26, 
following. It therefore covered 20 weeks or 140 days. They 
were kept on feed until June 6, when they were sold at the 
South St. Paul stock yards as hereinafter stated. They had 
been accustomed to a meal ration for a short time previous 
to the commencement of the experiment proper, hence by the 
time that the experiment began the steers were in condition 
for taking a reasonably heavy meal ration. 

The Objects of the Experiment, — The chief of the objects 
sought in the experiment were the following: 1, to ascertain 
the relative gains that would be made by the steers while 
being fattened in the stall as compared with steers on simi- 
lar food but fed in a shed and having constant access to a 
yard; 2, to obtain information with reference to the relative 
amounts of food consumed; and 3, to learn which of the two 
systems of feeding would be attended with the greater 
profit under Minnesota conditions. Chief among the sec- 
ondary objects were the following: 1, to glean information 
with reference to daily gains in the two instances in the re- 
spective periods of feeding ; 2, to ascertain the relative daily 
consumption of food during the various periods of the ex- 
periment ; and 3, to gather information generally bearing 
upon the relative merits of the two systems of feeding. 

The Animals Used. — ^The animals put into the experi- 
ment were what may be termed good grade Shorthorn 
steers, with the exception of two animals in each lot which 
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showed in the form eyidences of a good cprinkling of dairy 
blood. They were purchased for the Station by Mr. Andrew 
Boss, the Station foreman. They were nearly all sired by 
the same pure Shorthorn bull. They reached the Station 
Oct. 17, 1899, and were at once put on a mild ration of meal 
with com fodder and hay. The meal consisted of bran, com 
and oats fed intheproportionsof 2,1 and 1 parts respective- 
ly and in gradually increasing quantities beginning with 3 
pounds per day per animal. In this way they were prepared 
for the experiment. Although the exact individual ages of 
the steers could not be known, it would be approxim'^tely 
correct to say that they were two years old past the pre- 
vious spring hence they would be three years old when mar- 
keted. 

Conditions Governing the Experiment, — There were 7 
steers in each of the two lots. When chosen for the experi- 
ment several days prior to its actual commencement, there 
was a diflference of only 7 pounds in the aggregate w^eights 
of the steers in the two lots, but this diflftrence widened 
somewhat by the time the experiment began, at that time it 
was 91 pounds. They were very evenly chosen as to quality, 
as they were nearly all from the same sire. It is seldom pos- 
sible to begin an experiment in feeding live stock when the 
conditions would be more favorable at the outset. 

The steers fed indoors will be referred to as lot 1. They 
were tied in single stalls and in a stable comfortable and well 
ventilated. They were allowed the freedom of a yard two 
or three times a week on sunny days and for an hour or so 
at a time. They were tied around the neck with chains 
which slid up and down on an iron rod at the side of the 
stall, hence, they were comfortable whether standing or lying 
down on a soft, well littered bed. And they were curried 
with sufficient frequency to keep them comfortable and suit> 
ably presentable to an everyday visiting public. They were 
watered in pails twice a day about midway between the 
noon meal and the morning and evening meals. 

The steers fed in the shed will bespoken of as lot 2. They 
had access to a yard 35x66 feet, including the space covered 
by the shed. The yard was surrounded by a fence 6 feet high,, 
the boards being put on up and down and close together^ 
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The shed was 10x42 feet and had posts 10 feet high in front 
and 6 feet high in the rear. It was boarded close all arottnd, 
except where the doorway was made on the side facing the 
southwest. The cracks were battened. Both shed and yard 
were kept well bedded, particularly the former, and the ani- 
mals could go in and out at will day or night. 

The meal was fed in a manger in the shed and the fodder 
was usually fed in a manger along one side of the yard. 
They were watered at a tank in the open yard and at times 
corresponding to the watering of the steers inside. The wa^ 
ter was not heated. Both lots had access to salt at will. 

The experiment was made to cover five periods of 28 
days each and the meal was more or less modified in the 
components fed from time to time as described below under « 
the head of Food and Feeding. This was done with the view 
of meeting the needs of the animals more completely as the 
experiment progressed. They were weighed at the begin- 
ning of the experiment and every Monday subsequently. 

Food and Feeding, The meal fed during each of the five 
periods of the experiment was as follows: — ^viz. During the 
first period com, bran and oats in the proportions of 4, 4 
and 2 parts respectively; during the second period com, 
bran, oats and oil cake in the proportions of 5, 3, 1 and 1 
parts; during the third period, com, bran, oats and oil cake 
in the praportions of 6, 2, 1 and 1 parts; during the fourth 
period, com, bran and oil cake in the proportions of 6, 2 
and 2 parts^ and during the fifth and last period, com, bran 
and oil cake in the proportions of 6, 1 and 3 parts. 

In determining the kinds of meal that should be fed the 
aim was to feed those that were cheapest and, that would 
at the same time make a food properly balanced to meet the 
end sought. Bran was gradually decreased and com was 
gradually increased until the fourth period was reached. 
Oats were fed with much moderation and were finally drop- 
ped out in the fourth period. They were fed not so much 
because of relative cheapness but because they seem to bean 
excellent food adjunct where animals are fed heavily on com 
in leading them up to such heavy feeding without impairing 
the digestion. Oil cake introduced in the second period was 
gradually increased since it is particularly well adapted to 
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being fed along with com, the latter half of the feeding 
period. It may thus be advantageous in some instances to 
feed a certain proportion of food that is dear to keep things 
in balance. 

The meal was fed directly and was gradually increased 
in quantity as the feeding progressed as is shown in Table 
LXXXIII. It was fed in the ground form and without 
admixture with other food. 

The fodder consisted of cultivated hay mixed in charac- 
ter, that is to say it consisted of timothy and clover. They 
were fed of this all they would eat with reasonable clean- 
ness. The meal was fed morning and evening, and hay was 
given three times a day. 

Estimated Value of the Food. — The food was estimated 
at what may be termed approximate average market values- 
in the State. They were as follows: 

Hay $ 5.50 per ton 

Com 22 per bu. 

Oats 21 per bu. 

Bran 10.00 per ton 

Oil Cake 24.00 per ton 

Five cents per 100 pounds, the average price in the State 
was allowed for grinding the com and oats. This charge is 
not included in the price of the grains given above. The oil 
x:ake was fed in what is termed the nutted form. 

Table LXXXII gives the total consumption of each kind 
of food by the steers in both lots during the entire experiment 
:and also the sum of these, and with the steers in lot 1 the 
•consumption of food by each individual animal. The amount 
of food eaten by each individual in lot 2 could not be given 
since they were fed together. 
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TABLE LZZXII.— Food Gonitimed by the Staen. 


• 


Lotl 


Hay 
lbs. 


Grain 
lbs. 


Total 
lbs. 


Com 
lbs. 


Bran 
lbs. 


Oats 
lbs. 


Oil CaVe 
lbs. 


1 


1606 


1868 


3474 


1064 


374 


133 


297 


2 


1608 


1865 


3473 


1062 


373 


134 


296 


3 


1642 


1877 


3519 


1069 


376 


134 


298 


4 


1528 


1842 


3370 


1049 


368 


132 


293 


5 


1664 


1870 


3524 


1065 


374 


134 


297 


6 


1652 


1910 


3562 


1089 


379 


133 


309 


7 


1393 


1840 


3233 


1047 


368 


131 


294 


Total 


11083 


13072 


24155 


7446 


2612 


931 


2084 


Ave. 


1683.3 


1867.4 


3450.7 


1063.6 


373.1 


133 


297.7 


Lot 2 
















Total 


10527 


15892 


26419 


9111 


3098 


1010 


2673 


Ave. 


1503.9 


2270.2 


3774.7 


1301.5 


442.6 


144.3 


381.8 



The total consumption of food by the individuals in lot 
1 were more than ordinarily uniform. With the exception 
of the steers Nos. 4 and 7, the greatest difference in the total 
consumption of food in the 140 days of the experiment was 
only 81 pounds. The steers 4 and 7 in lot 1, low in consump- 
tion of food were also relatively low in gains. But No. 3 
relatively high in consumption of food does not show re- 
sults corresponding. It is an illustration of what happens 
occasionally in lots of cattle well chosen for being fed, but 
fortunately it happens so infrequently as to form the excep- 
tion rather than the rule. 

It will be observe d that the steers in lot 2 consumed 556 
pounds less hay than those in lot 1. This, however, is of but 
little account in comperison to the whole amount fed. But 
the steers in lot 2 consumed 2820 pounds more meal, that is 
to say, 403 pounds more per animal. The exercise obtain- 
able by animals thus fed together with the lower tempera- 
tures to which they were exposed renders them capable of 
consuming more meal than when confined. And when given 
the liberty of choice they consume the added food in the form 
of meal rather than forage. 

Table LXXXIII gives the grain and hay respectively^ 
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consumed by the steers of the two lots during the diflFerent 
periods of the experiment. 

TABLE LXXZIII.— Grain and Hay Consnmed by Periods. 



GRAIN CONSUMED BY PERIODS. 




First 


Second 


Third 


Fourth 


Fifth 


Lotl 
Lot 2 


238 
23'i 


830 
3*56 


405 
482 


444 
684 


450 
600 


HAY CONSUMED BY PERIODS. 




First 


Second 


Third 


Fourth 


Fifth 


]:x>ti 

l»t2 


320 
314 


331 
360 


321 
311 


309 
280 


302 
239 



It will be noticed that there was a virtual increase in the 
amount of meal consumed duiing each period, and this was 
accompanied by a slight decrease in the amount of hay con- 
sumed. This was not so much the outcome of preferences of 
appetite on the part of the steers as of design in feeding 
them. They were not fed at the first all the meal they would 
have consumed lest their capacity to consume grain should 
be weakened and because it was believed they would become 
more capable of turning to good account increasing quanti- 
ties of meal as the feeding period advanced. But of tneal 
and hay together they were given at all times what they 
would consume. The steers in lot 2 consumed 2820 pounds 
of meal more than the steers in lot 1. On the other hand 
they consumed 556 pounds less hay, a difference, however, 
that is inconsiderable. 

Table LXXXIV gives the average daily consumption of 
each food factor by the steers in the respective lots, the total 
consumption of the same, and also the daily consumption 
and total consumption of each kind of food by the steers in 
lotl. 
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TABLI LXZXIT. 


— Baily Coniamption of 7ood by the Steori 


t 


Lot 1 


Hay 
lbs. 

11.6 


Grain 
lbs. 


Com 
lbs. 


Bran 
lbs 


Oats 
lbs. 


Oilmeal 
lbs. 


Total 
lbs. 


1 


13.3 


7.5 


2.7 


1.0 


2.1 


24.8 


2 


11.5 


13.4 


7.6 


2.7 


1.0 


2.1 


24.9 


3 


117 


13.4 


7.6 


2.7 


1.0 


2.1 


25.1 


4 


10.9 


13.2 


7.6 


2.7 


.9 


2.1 


24.1 


5 


11.8 


13 4 


7.6 


2.7 


1.0 


2.1 


26.2 


6 


11.8 


13.7 


7.8 


2.7 


1.0 


2.2 


26.5 


7 


10.0 


13.1 


7.5 


2.6 


.9 


2.1 


23.1 


Total 


79.2 


93.5 


53.1 


18.8 


6.8 


14.8 


172.7 


Ave. 


11.31 


13.36 


7.6 


2.7 


.97 


2.1 


24.67 


Lot 2 
















Total 


75,2 


113.5 


66.1 


22.1 


7.2 


19.1 


188.7 


Ave. 


10.74 


16.21 


9.3 


3.16 


1.02 


2.73 


26.95 



The steers in lot 1, consumed daily 11 pounds of hay and 
those in lot 2, 10.74 pounds, or, an average of 10.87 pounds. 
Of grain the steers in lot 1 consumed daily 13.36 pounds of 
meal and those of lot 2, 16.21 pounds, or an average of 
14.78 pounds. The average daily consumption of meal vraa 
thus far below 28 pounds the amount of shelled corn fre- 
quently fed per day, to cattle in western feed lots when fol- 
lowed by swine. It will also be noticed that the average 
daily consumption of food, hay and meal was 25.81 pounds, 
that is to say, steers with an average weight of 1085 
pounds at the commencement of a period of feeding which 
lasted 140 days consumed daily on an average through the 
said feeding period 25.81 pounds of hay and meal. 

Weights of the Steers.— Table LXXX V gives the weights of 
the steers in both lots when the experiment began and ended, 
the total individual increase, the av rage daily increase, and 
the average of each of the respective items just enumerated. 
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TABLE LXXXV.-Weighti and Inoreaie. 




Lotl 


Yf tight when Bxperiment 


Total 
Individual 

Gain 
lbs. 


Average 


Befi:an 

Nov. 6, 1809 

lbs. 


Closed 

Mar. 26, 1900 

lbs. 


daily 

Gain 
lbs. 


1 


1163 


L406 


253 


1.81 


3 


1190 


1446 


255 


1.82 


3 


1187 


1395 


208 


1.49 


4, 


1016 


1246 


230 


1.64 


6 


960 


1232 


272 


1.94 


« 


1023 


1328 


805 


2.18 


7 


1020 


1204 


184 


1.31 


Total 


7549 


9256 


1707 


12.19 


Ave. 


1078.4. 


1322.3 


243.9 


1.74 


Lot 2 










1 


1130 


1430 


290 


2.07 

• 


2 


1133 


1481 


848 


2.49 


S 


1212 


1543 


331 


2.36 


■■^4 


1147 


1460 


318 


2.24 


6 


940 


1289 


349 


2.49 


6 


942 


1160 


218 


1.56 


7 


1136 


1498 


362 


2.59 


Total 

• 


7640 


9861 


2211 


15.80 


Ave. 


1091.4 


1407,4 


316 


2.26 



The difference in aggregate weight in favor of the steers 
in lot 2 when the experiment began was only 91 pounds. At 
the close of the experiment it was 385 pounds, a net differ- 
ence in increase of 504 pounds. The difference in the aver- 
age increase made by each steer in lot 2 therefore was 72 
pounds, a difference that is too large to be looked upon as 
accidental. 

With the steers in both lots there was the same range of 
differences in individual daily gains as occur in all feeding 
experiments. With No. 7 of lot 1, the average daily gain 
was but 1.31 pounds and with the steer in lot 2 which stood 
beside the other and was fed food the same in kind it was 
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2.18 pounds, a diflference of 87 pounds in tavor of the latter. 
In other words there was a diflFerence of 121 pounds in favor 
of No. 6. While he consumed only 326 pounds more food, 
with No. 6 in lot 2 the daily gain was only 1.56 pounds^ 
while with No. 7 it was 2.59 pounds, a difference of 1.03 
pounds per day in favor of No. 7. In this instance of course 
there is no means of knowing the difference in food consumed. 
It seems a little remarkable, however, that steers about the 
same age should show a difference in capacity to make in- 
crease approximating one pound per day. 

The average daily increase made by the steers in both 
lots was certainly good for so long period of feeding. Never- 
theless there is an average daily increase of .52 pounds or a 
little more than half a pound per day in favor of lot 2. The 
average of both lots was exactly 2 pounds per day. 

Table LXXXVI gives the total cost of hay and grain 
respectively fed to the steers in the two lots, the average 
cost of these, and with the steers in lot 1 the individual cost 
of the same. 

TABLE LXXXVI.— Cost of Food OonBiimed. 



I^ot 1.. 


Hay 


Grain 


Total 


1 

2 

3 

4 

6 


$4.42 
4.42 
4.62 
4.20 
4.66 
4.64 
3.83 


$11.08 
11.07 
11.14 
10.93 
11.09 
11.36 
10.94 


$16.60 
16.40 
16.65 
15.13 
16.64 


6 

7 


15.90 
14.77 


Total 


30.48 


77.61 


108.09 


Average 


4.36 


11.09 


15.44 






Lot 2. 








Total 


28.94 


95.03 


123.97 






Average 


4.14 


13.57 


17.71 







While the haj fed to the steers in lot 1, cost but $30.48 
the meal cost $77.61, a diflFerence of $47.13. With the 
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steers in lot 2 the difference was even greater, the hay cost- 
ing $28.94 and the meal $95.03, a difference of $66.09, that 
that is to say the meal cost considerably more than twice as 
much as the hay. As the tendency is for meal to increase in 
price more than fodder, relatively, the importance of secur- 
ing the largest possible consumption of fodder compatible 
with good gains is emphasized. Every attention should 
therefore be given to the growing of fodder of good quality 
by those who are going to devote it to such a use. 

Daily Cost of Food Consumed. — The average daily cost 
of food for the steers in the respective lots is given below, 
and also the daily cost of the individual animals in lot 1: 

Lot 1. — No. 1 11.0 cents. 

No. 2 11.0 cents. 

No. 3 11.2 cents. 

No. 4 10.8 cents. 

No. 5 11.2 cents. 

No. 6 11.4 cents. 

No. 7 10.6 cents. 

Total 77.2 cents. 

Average 11.0 cents. 

Lot 2.— Total 88.6 cents. 

Average 12 7 cents. 

The average daily cost of the food for the steers in lot 1 
was 11 cents. The average daily gain was 1.74 pounds. 
The estimated value of the steers in both lots when sold was 
$5.35 per 100 pounds. The average daily increase made by 
each steer, therefore, was worth 9.41 cents, that is to say 
1.69 cents less than the cost of making it. The average daily 
cost of the food fed to the steers in lot 2 was 12.7 cents. 
The average daily gain was 2.26 pounds. The average daily 
increase made by each steer, therefore, was worth 12.1 cents, 
that is to say, but .6 cents less than the cost of making it. 
The value of the increase made by the steers in lot 2 was not 
very far below the cost of the food used in making it, w^hich 
is certainly an excellent result when the relatively dear price 
of the food fed is considered. 

Cost of Increase, — The average cost of making 100 
pounds of increase with the steers in the two lots is given 
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below and the indiYidual cost of maJdng the same with the 

steers in lot 1: 

Lotl.— 1 $6.13 

2 6.08 

3 7.53 

4 6.58 

5 5.75 

6 5.21 

7 8.03 

Average $6.47 

Lot 2. — ^Average $5.61 

While the gains made by the steers were good, the aver- 
age cost of making 100 pounds of increase by the animals 
in the two lots during the experiment was $6.04 or 69 cents 
more than the market value of the same., The factempha^ 
sii^es the importance of buying stockers for immediate feed- 
ing at a price per pound considerably less than the probable 
selling price, as the profit must as a rule come solely from the 
advance in value of each pound of the original weight of the 
animal when purchased. 

The great diflference in the cost of making 100 pounds of 
increase in the ^idividual animals is also apparent. While 
No. 7 in lot 1 cost $8.03 to make 100 pounds of increase, 
the steer No. 6 in lot 1 cost $5.21, a diflference of $2.82 in 
favor of the latter. Link this fact with the thought that 
latter was the largest consumer of food of all the animals 
in lot 1 and the former was the smallest and its significance 
will be apparent. 

Pro£t Made.-Table LXXX VII gives ( 1 ) , the average value 
of each steer when the experiment began in both lots; (2), the 
average cost of food for each steer during the experiment; 
(3), the total cost of food; (4), the average profit made on 
each animal; (5), the totals in each instance; and (6); facts 
regarding cost and profit with the individual steere in lot 1. 
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TABLI LXZXVII.— Yftlnei and Profits Made Daring the Experiment. 



I^otl 


Value Nov. 6, 

Bxpeximent 

Beie^an 


Cost of 
Pood 


Total 
Cost 


Value Mar 6, 

Experiment 

Closed 


Profit 


1 

2 
3 

4 
6 

6 

7 


$50.16 
51.77 
61.63 
44.20 
41.76 
44.50 
44.38 


815.60 
15.49 
15.66 
15.13 
15.64 
16.90 
14.77 


$65.66 
67.26 
67.29 
5tf.33 
57.40 
60.40 
59.15 


$75.22 
77.31 
74.63 
66.66 
65.91 
71.05 
64.41 


$ 9.56 
10.05 
7.34 
7.33 
8.51 
10.65 
5.26 


Total 


328.40 


108.09 


436.49 


495.19 


58.70 


ATe. 


46.92 


15.44 


62.36 


70.74 


8.38 


Lot 2 












Total 


332.34 


123.97 


466.31 


527.02 


70.74 


Arc. 


47.48 


17.71 


66.19 


75.29 


lO.lO 



The steers were valued at $4.35 per 100 pounds vsrhen 
the experiment began. This estimate was based on the price 
paid for the steers. It was just a little high in comparison 
with market values at the time, but it was considered an 
advantage to obtain so large a number of the animals from 
one sire. They were estim-Bted at $5.35 per 100 pounds 
when the experiment closed on the basis of market values for 
such animals at the South St. Paul Stock Yards at the time. 

The average profit made on the steers in lot 1 was $8.38 
and on thosein lot 2 $10.10, a diiFerence of $1.72 per animal 
in favor of the steers fed in the shed as compared with those 
fed in the stall. This fact states the outcome of the main 
object of the experiment, nor docs it tell all the truth, since 
the labor involved in feeding and caring for the steers in lot 
2 was much less than that of feeding and caring for the steers 
in lot 1. 

Disposal oi the Steers. — They were finally sold at the 
market of South St. Paul on June 6th, with the exception oi 
two animals in each lot which were oflF in form when the ex- 
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periment began as previously intimated. They were pro- 
nounced prime. • 

FINANCIAL STATEMENT. 

Estimated value of 14 steers on March 26, 1900, when 

the experiment closed at $5.35 per 100 pounds $1,022.21 

Value of 14 steers when the experiment began Nov. 
6th, 1899, on the basis of cost price, viz. : $4.35 
per 100 pounds $660.74 

Cost of food 232.06 

Total outlay 892.80 

Total net profit 129.41 

Average net profit on one steer ' 9.26 

Observations, — 1. Since the food was charged at the 
average market values in the state, these would represent 
more than the cost of growing the same, and would there- 
fore be so far unfavorable to the making of profits. 

2. The value of the manure is supposed to pflFset the in- 
terest on the investment, the cost of bedding and the labor. 

3. The fact should be noted that the winter was more 
than ordinarily mild, which of course would be so far in fa- 
vor of the steers fed in the shed. 

IMPORTANT FACTS SUMMARIZED. 

VALUES. 

1. Value per 100 pounds on the basis of cost when the 
experiment began Nov. 6, 1899 $ 4.36 

2. Estimated value per 100 pounds when the experiment 
closed March 26th, 1900 5.35 

3. Advance in value per 100 pounds 1.00 

WEIGHTS. 

1. Average weight of the steers in lot 1 when the experi- Lbs. 
ment began Nov. 6, 1899 :.... 1078.4 

2. Average weight of the steers in lot 2 when the experi- 
ment began ; 1091.4 

3. Average weight of the steers In lot I when the experi- 
ment closed March 26, 1900 1322.3 

8. Average weight of the steers in lot 2 when the experi- 
ment closed 1407.4 

INCREASE IN WEIGHT. 

1. Average increase in weight of each steer in lot 1 dur- 
ing the 140 days covered by the experiment 243,9 

2. Average increase in weight of each steer in lot 2 dur- 
ing the same time 316.6 

3. Average daily increase of each steer in lot 1 1.74 

4. Average daily increase of each steer in lot 2 2.26 
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FOOD CONSUMED. 

1. Average daily consumptioD of hay per animal by the 
steers in lot I during ihe 140 days covered by the ex- 
periment 11.31 

2. Average daily consumption of hay per animal by the 
steers in lot 2 10.74 

3. Average daily consumption of meal per animal by 

the steers in lot 1 13.36 

4. Averacre daily consumption of meal per animal by 

the steers in lot 2 16.21 

5. Average daily consumption of tood per animal by 

the steers in lot 1 24.67 

6. Average daily consumption of food per animal by the 
steers in lot 2 26.95 

COST OF FOOD. 

1. Average cost of food per animal per day with the Cts. 
steers in lot 1 11.0 

2. Average cost of food per animal per day with the 
steers in lot 2 12.7 

COST OF INCREASE. 

1. Average cost of making 100 pounds of increase with 

the steers in lot 1 $ 6.47 

2. Average cost of making 100 pounds of increase with 

the steers in lot 2 5.61 

INCREASE IN VALUE. 

1. Average value of each steer in lot 1 on the basis of 

cost when the experiment began 46.92 

2. Average value of each steer in lot 2 when the experi- 
ment began , 47.48 

3. Averasre value of each steer in lot 1 when the experi- 
ment closed on the basis of market values 70.74 

4. Average value of each steer in lot 2 when the experi- 
ment closed 75.29 

5. Average increase in value made by the steers in lot 1 
during the experiment 23.82 

6. Average increase in value made by the steers in lot 2 
during the experiment 27.81 

PROFITS. 

1. Aggregate net profit from feeding the 7 steers in lot 1 

for the 140 days 58.70 

2. Aggregate net profit from feeding the 7 steers in lot 2 

for the same time 70.71 

3. Average net profit from feeding the steers in lot 1 8.38 

4. Average net profit from feeding the steers in lot 2 10.10 
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CONCLUSIONS. 

1. That with the prices of food and meat as in this ex- 
periment it costs more to make a given increase in weight 
than the same is worth when it is made. 

2. That the prices of food and meat as in this experi- 
ment a good profit can be made from fattening a suitable 
class of steers. 

3. That in this experiment the steers fed in the shed as 
compared with those fed inside, consumed on an average 
2.28 pounds more food per day at an increased cost for food 
of 1.7 cents per day but they also made a greater average 
gain per day of .52 pounds and a greater net profit per ani- 
mal of $1.72 from 140 days feeding, and at a considerably 
less outlay for labor. 

4. That because of the great economic importance of 
the subject of investigation, and because of the results ob- 
tained it is greatly important that further investigations 
shall be conducted along the same lines. 



